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PROGRESS OF SCIENCE AND TECHNOLOGY. 


VERYONE realises the im- 
portance of considering the 
nature of the subsoil in 
choosing a site for a house, or 
in planning the foundations 
if no choice is allowed ; but 
few get beyond sweeping 

generalisations of different soils as good or 
bad. In reality, the decision on the goodness 
or badness of a site depends upon 
considerations more complex than 
the mere mineral nature of the 
subsoil. Those who wish for guidance on this 
subject cannot do better than to consult a fifty- 
eight -page pamphlet entitled “ Soils and 
Subsoils,” written by Mr. Horace B. Wood- 
ward, F.R.S., and published by the Geological 
Survey. Whileexplaining the general principles 
that hold everywhere, it illustrates them by 
special reference to the very varied series of 
subsoils found in ‘ Greater London,” each of 
which is described in the detailed manner that 
the author’s long experience and the mass of 
information accumulated by the survey makes 
possible. Among points of interest not 
usually known we may refer to the discussion 
on the importance of “ made ground " in dis- 
trictsthat have long been occupied ; and to the 
cases of gravels of which the matrix 15 so 
clayey that they are almost impermeable to 
water: and the dangers of foundering where a 
thincovering of gravelorloam rests upon chalk. 
The obtaining of a firm апа dry founda- 
tion, and the problems of water supply and 
drainage that are so serious in rural districts, 
arc all dealt with very lucidly, and even the 
suitability of soils for gardens is not forgotten. 
This little book is illustrated by many figures, 
and by a coloured map, in which the sub- 
soils are coloured according to their mineral 
nature, not (as usual on geological maps) 


Soils 
and Subsoils 


according to geological age. As this map 
extends from Windsor to Gravesend and St. 
Albans to Dorking, it gives a good general 
view of the whole country accessible for resi- 
dence to Londoners ; but as it is on the scale 
of four miles to an inch, it is of little use 
where some definite site is under considera- 
tion. In such cases reference should be 
made to the new geological maps on the scale 
of an inch to the mile, of which the four 
London sheets have recently been published 
(revised) at 7s. 64. each, or, if possible, to 
the MS. six-inch maps which can be con- 
sulted at Jermyn Street Museum, but of which 
there are very few prepared for the London 
district. ‘To those concerned with areas that 
have been recently surveyed (e.g., the South 
Wales and North Staffordshire coalfields), 
these MS. six-inch maps will be a great buon. 


THE rough usage to which tramway rails 
are subjected by the heavy and high-speed 
electric cars of the present day, 


and the variety of other traffic that сае 
E YT " . . ramway 
passes over them, renders most Rails 


stringent testing before accept- 
ance from the manufacturer a 
necessity. The usual tests applied are 
four in number, z/z.; chemical analysis, 
bending test, impact test, and tensile test. 
The first is made upon drillings taken from 
the tensile test piece, and is for the purpose 
of determining the relative proportions of the 
various chemicals used in the manufacture. of 
steel rails. Аз the constituents of a rail have 
a great bearing upon its life, this test 1s one 
of importance, and every rolling of up to тоо 
tons is subjected to it. 

The bending test, like all the others, is 
severe ; it generally calls for the bending by 
pressure of a cold rail sideways to a curve of 
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30 feet radius, which should not result in any 
appearance of cracking. Should this, however, 
take place, the British standard specification 
allows two more chances, and a couple of 
rails are taken from the same roo-ton rolling 
and subjected to the test. If they also fail, 
the entire rolling from that cast may be 
rejected. 

The impact test 1s applied to one out of 
every eighty rails, a length of 5 feet being cut 
off and supported head uppermost оп sub- 
stantial iron blocks placed 3 feet 6inches apart. 
A blow is then administered to the centre of 
the rail by a spherically ended weight of not 
less than one ton, the radius of its nose not 
being more than 9 inches. For rails up toa 
hundred pounds a yard, the weight has a fall of 
15 feet; but for all heavier than this, a drop 
of 18 feet is usual. Should fracture be the 
result of the blow, two more rails are tested 
in a similar manner, the failure of which 
justifies the rejection of the entire cast. 

The tensile test consists of taking a sample 
piece from each roo-ton lot of rails, and 
preparing it so that its sectional area is 
approximately half a square inch, and its 
length sufficient to allow of a 2-inch distance 
between the test gauge points. Under test, 
its ultimate tensile strength must prove to be 
not less than до tons per square inch, and its 
elongation, at the lowest, 12 per cent. in the 
given 2-inch length. In the event of failure, a 
second test is allowed, and if the result is 
similar, the entire cast is rejected. All the 
above conditions represent standard British 
practice, but they are often departed from in 
detail, and sometimes further tests are 
imposed. 


THE tendency of a river to follow a sinuous 
instead of a straight course is proverbial: the 
River Meander, in Phrygia, noted 


The [or its involved course, has given 
Winding of ae 
Rivers US а useful word expressive of an 


indirect course. ‘The reason why 
rivers tend to wind was explained many years 
ago by the late James Thomson, brother of 
Lord Kelvin; nevertheless, the subject is 
understood to-day by a smaller number of 
people than might be expected from the 
importance and interest of the subject. 

When a river flows round a bend (Fig. 1), 
each particle of water revolves about a point, 
with the consequence that the centrifugal 
force called into play causes the level of the 
water on the concave side of the bend to be 
higher than that of the convex side. The 
water, of course, tends to flow back from the 
higher to the lower level, but is prevented 


from doing so by the centrifugal force acting 
on it. Very close to the concave bank of 
the river, friction diminishes the speed of the 
water, with the result that the level of the 
surface there becomes lower (Fig. 2); as a 
consequence, the water flows downwards at 
the concave side, scooping out mud from the 
bank, which it deposits on the convex side 
of the river. Accordingly, if a river has the 
smallest possible bend in its course, there 15 
a tendency for this bend to increase ; the 
banks are cut away on the concave side, and 


парас 


Fic. 1.—PLAN OF RIVER BEND. 


Fic. 2.—SECTION THROUGH RIVER BEND. 


mud is deposited on the convex side. Fig. 3 
is from a photograph of the valley of the 
Tay ; the spit of mud on the convex side of 
the bend is very noticeable in comparison 
with the steeper bank on the concave side. 
The principles just discussed can be illus- 
trated, if some tea containing “ grounds " 15 
placed in a saucer and then set in rotation by 
the aid of a spoon. It will be noticed that 
the grounds are carried to the middle of the 
saucer and deposited there. On the other 
hand, if the saucer is supported on a turn-table 
which is then set in rotation, the speed of 
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the water near the edge of the saucer will be 
greater than that near its centre; with the 
result that the grounds will be carried out- 
wards from the middle of the saucer and 
deposited near its edge. 


“HARD” water is really a dilute aqueous 
solution of certain salts, chiefly calcium 
bicarbonate, calcium sulphate, 
rdi and magnesium chloride; the 
Water Presence of one or all of these 
substances in water will render it 

more or less “hard,” according to the 
amount dissolved in a given volume of 
water. “ Hardness” is measured by the 
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amount of soap which can be decomposed 
by the salts in a gallon of water; thus water 
of “ 1° of hardness” is such that the salts in 
a gallon of it will decompose as much soap 
as can be decomposed by one grain of 
carbonate of lime. 

It is well known that the use of hard water 
їп steam boilers entails serious disadvantages : 
while the water is converted into steam, the 
Salts remain in the boiler, forming a layer of 
"scale" which progressively increases in 
thickness. Eventually it becomes necessary 
to remove this scale, with the result that the 
boiler must be thrown out of use for a time ; 
further, the operation of chipping off the 
scale especially when this 15 mainly com- 


posed of calcium sulphate, is one of some 
considerable difficulty; also, the boiler 
and the surrounding brickwork must have 
been allowed to cool down before the scale 
could be removed, and an extra amount of 
coal is required to again bring the boiler and 
brickwork up to their working temperature. 
There is yet another disadvantage of a 
serious character: the layer of scale on 
the boiler is a bad conductor of heat, with 
the result that when the water is kept at a 
constant temperature, the greater the thick- 
ness of the scale, the higher the temperature 
of the surface of the boiler plates or tubes in 
contact with the flue gases; these higher 


(Frith. 
Fic. 3.— VIEW IN THE VALLEY OF THE TAY, SHOWING THE CHARACTER OF A RIVER BEND. 


temperatures entail increased wear and tear, 
and considerably shorten the life of the 


boiler. 


THE use of hard water in the laundry 15 
equally disadvantageous; before а lather 
suitable for washing clothes сап 


be obtained, a certain amount of WI E. 
soap must be used up in decom- ^ s, 


posing the salts, and the calcium 

stearate produced as a result of this decom- 
position is deposited in the fibres of the 
clothes, rendering their colour “bad.” To 
soften water by the aid of soap, about 11 Ibs. 
of soap is required per gallon of water for 
each degree of hardness; thus with a water 


Haro Матея Ince 


Barı Cocu 
O ducit DisPLACE 


ТАНК 


1м 


IPE To. 


R INLET 


ATE 


" ЗЕ: - ~ 


NiETVAwE | S 


Fitter |. че os 
битит Я 


D 
E. 


ial A. 


\ 


П 


Fic. 4.—THE **CRITON" WATER SOFTENER. 


of ro^ of hardness, 17i lbs. of soap must 
be used per gallon of water before a lather 
can be produced, while only about r3 lbs. 
of soap per gallon of water is required 
to make the lather: consequently, more 
than go per cent. of the soap has been 
used merely to soften the water. ^ Using 
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soap at 24. per lb. to soften water of 
то” hardness, the cost per gallon works out 
at about 2s. 114. per thousand gallons; on 
the other hand, the water could be softened 
chemically, by the means subsequently to be 
described, at a cost of a few half-pence per 
thousand gallons. 
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Tue bicarbonate of calcium in water can 
be thrown out of solution by boiling ; carbon- 
dioxide is expelled, leaving 
Жеты? calcium carbonate, which is 
ae insoluble, behind, according to 
the equation 
CaH,(CO,), = CaCO, 4- H50 4- CO,. 

Thus calcium bicarbonate is said to impart 
“temporary hardness” to water. 

It is more economical to convert the 
calcium bicarbonate into calcium carbonate 
by the aid of a solution of calcium hydrate, 
according to the equation 
CaH,(CO,), 4- Ca(OH), = 2CaCO,+2H,0. 

Permanent hardness 15 imparted to water 
by the presence of calcium chloride, calcium 
sulphate, magnesium chloride, and  mag- 
nesium sulphate; these compounds are not 
precipitated by raising the water to its 
boiling point. Of the above compounds, 
only two—-calcium sulphate and magnesium 
chloride—cause much trouble to steam users. 
Calcium sulphate may most readily be re- 
moved by converting it into calcium carbonate 
by adding carbonate of soda ; the reaction is 
explained by the equation 

CaSO,+ Na,CO, = CaCO, 4- Na,SO,. 

Calcium chloride сап be removed in a 
similar manner. Magnesium chloride may 
be converted into insoluble magnesium 
hydrate by adding sodium hydrate (caustic 
soda) to the solution, the reaction being as 
follows :— 

MgCl, +2NaOH = Mg(OH), +2NaCl. 

Magnesium sulphate is removed in a 
similar manner. 

Thus the salts which impart hardness to 
water can be removed by adding calcium 
hydrate, sodium carbonate, and caustic soda; 
but for their removal to be at once economical 
and effective, the right quantities of the re- 
agents must be added: the addition of too 
much soda, for instance, entails unnecessary 
expense, and also damages the boiler. 


. IN order to soften water on a large scale, 
it thus becomes necessary to add the amounts 
of calcium hydrate, sodium 


в "carbonate, and caustic soda in- 
ate й 
Softener dicated by the results of an 


analysis of the water. The 
“ Criton" water softener, manufactured by the 
Pulsometer Engineering Company, Limited, 
of Nine Elms Iron Works, Reading, performs 
this operation automatically. Fig. 4 represents 
the sectional elevation of the plant. ‘The 
solution of calcium hydrate is formed in 
the lime water tank : water enters at the lower 


conical end of the tank, and passes upwards 
through a bed of quick lime, thus becoming 
saturated with calcium hydrate; the tank is 
always kept full by the aid of the ball-cock 
shown at the upper end of the tank. The 
small soda tank is kept full in a similar 
manner: soda ash and lime are mixed with 
water in the larger soda tank, thus producing 
the requisite proportions of sodium carbonate 
and caustic soda in the solution. The hard 
water to be softened is fed into the syphon 
tank at the top of the plant: as the level of 
its surface rises, the float 15 raised, thus forcing 
two displacers downwards, one into the 
lime tank, and the other into the small soda 
tank—thus discharging the requisite amounts 
of the lime and soda solutions into the 
“mixer.” When the level of the water 
surface in the syphon tank rises to the height 
of the top of the central tube, the whole of 
the contents of this tank suddenly syphon 
over into the mixer, where they mix with the 
lime and soda solutions. They then pass 
downwards to the bottom of the settling tank, 
where the insoluble matter is deposited ; the 
“soft” water rises, leaves the top of the 
settling tank by a pipe, and after passing 
through the filter, is ready for use. Whenthe 
syphon tank discharges its contents, the 
displacers in the lime and soda tanks rise, 
thus increasing the amounts of the solutions 
in these tanks; it is readily seen that, by 
adjusting the extent to which the displacers 
can be immersed in their respective tanks, the 
amounts of the solutions discharged each time 
the syphon tube is emptied can be controlled 
at will. When once the displacers have been 
adjusted, the action of the softening plant is 
purely automatic, just as much water being 
softened as 1s required for use. In the case 
of a medium-sized plant, the attention required 
is merely that of one man for an hour, once 
every twelve hours. 


AN ingenious form of barometer has 
recently been invented by Mr. A. S. Davis, 
M.A.: the essential features of 
this instrument are represented 
diagrammatically in Fig. 5. 
Mercury is contained in a small metal box 
or cistern; through one face of the latter 
the open end of a glass tube of fine bore 
projects for a short distance, the other 
end of the tube being bent through two 
right angles and sealed on to a cylindrical 
glass vessel. When the instrument is in the 
position represented in Fig. 5, the open end 
of the tube lies above the mercury in the 
cistern, so that the pressure of the air in the 


The Piesmic 
Barometer 
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Fic. §.—‘* PIESMIC’? BAROMETER, TUBE 
HORIZONTAL. 


tube is equal to that of the 
air in the cistern; a small 
aperture in the walls of the 
cistern, closed with wash- 
leather, ensures that the pres- 
sure in the cistern is always 
equal to that of the external 
atmosphere, while the entrance 
of dust into the cistern, or the 
loss of mercury from the same, 
is prevented. On turning the 
instrument so that the tube 
becomes vertical 
(Fig. 6), mercury 
flows down the tube 
to a distance which 
depends on the baro- 
metric pressure. 
Let V cubic inches 
Fic. 6. be the volume of air 
*PigsMIc? at atmospheric pres- 
BAROMETER, Sure contained by the 
TUBE VERTICAL. tube and the vessel 
sealed on to it; if P is 
the atmospheric pressure, in inches 
of mercury, then so long as the tem- 
perature of the air remains constant, 
the product of the pressure and volume of 
this air will remain equal to PV. 

When the instrument is turned into the 
position represented in Fig. 6, the air in the 
tube is sealed off by the mercury, and com- 
pressed as the mercury flows down the tube. 
Let the mercury surface in the cistern be just 
flush with the open end of the tube, while the 
length of the column of mercury in the tube 
is 4 inches; then the pressure of the air in 
the tube is now equal to (P + 2) inches. If 
a square inches is the internal cross-sectional 
area of the tube, the volume of the air 15 
diminished by ad cubic inches ; thus, accord- 
ing to Boyle's Law 

PV = (P + 2(V — ad) 
PV = PV — Pad + Vd – ad? 
V 


s Р= – - а. 


Now V and @ аге invariable dimensions, 
so that the barometric pressure is equal to a 
constant minus the distance d, through which 
the mercury sinks in the tube. Consequently, 
if a scale graduated in inches, and suitably 
numbered, is placed behind the tube, the 


barometric pressure can be read off at a 
glance. ‘she result is independent of the 
temperature of the air, provided this does 
not change between the time when the 
instrument is turned into a vertical position, 
and that when the reading is taken. Changes 
of temperature will, however, affect the 
readings of the instrument to a very slight 
extent, owing to the variation in the values 
of V and а; this variation, however, merely 
depends on the coefficient of linear expansion 
of glass, and is therefore inappreciable. For 
use in mountaineering, Mr. Davis substitutes 
a number of glass vessels communicating by 
means of stop-cocks, for the single glass 
vessel at the end of the tube in Figs. 5 and 6. 
For a given range of 7, it is obvious that a 
smaller value of V is required for low than 


Fic. 8. 
THE 

** PIESMIC ” 

BAROMETER. 


for high pressures; this can be ensured by 
cutting off part of the original volume У by 
closing the necessary stop-cocks. Figs. 7 
and 8 represent the barometer as made by 
Messrs. F. Darton & Co., 142, St. John's 
Street, E.C. 
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THE frequency changer (Fig. 9), as its name 
denotes, is a machine or series of machines 
for altering the periodicity of an 

TLLA NE alternating current circuit. It 

Changer СОП515Ї5 of the following, rigidly 

coupled together: a synchronous 
motor designed for the frequency of the 
supply circuit, an alternator with a greater or 
less number of poles than the former, accord- 
ing to whether the periodicity is to be raised 
or lowered, and an exciter for energising the 
fields of both machines, and also for the 
purpose of running the set up to speed and 
synchronising. 

For obvious reasons frequency changers 
are not much in use, but occasions do arise 
where it is necessary to raise or lower the 
periodicity of part of the output of a supply 
station; and to save the inconvenience of 
extra steam-driven sets, and also the reduc- 
tion of the plant load factor that such 
a method would bring about, the fre- 
quency changer is installed. 

Being simply an ordinary motor- 
transformer with its own exciter, there 
is nothing particularly interesting 
about it as a machine, but the operation 
of two frequency changers in parallel 
is attended with some variation from 
ordinary alternating practice, and is 
well worth investigation. Presuming 
one of these machines to be fully 
loaded, and that it is desired to 
parallel another with it to take up 
part of the work,the incoming machine 
will be started by the exciter, run up 
to speed, and synchronised in the 
usual way by varying the field resistance of 
the motor for the time being, otherwise the ex- 
citer. ‘The alternating motor side of the set is 
now paralleled, and the exciter takes up its 
proper function. If the ordinary methods of 
paralleling alternators were now followed, 
the volts of the incoming generator would be 
made equal to that of the loaded machine 
and the switches closed ; and the load would 
be adjusted by speeding up the second prime 
mover, and at the same time raising the volts 
of the alternator. But with a frequency 
changer, since it is driven by a synchronous 
motor, an increase of speed relative to that 
of the loaded set is an impossibility, both 
being in parallel. Also, it is a commonly 
known fact that varying the respective voltages 
when two alternators are electrically coupled 
15 of no avail in shifting the load, and simply 
results in useless cross currents between the 
two. Hence, if the generators are paralleled 
In the ordinary way at equal voltage, it is 
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impossible to get the second one to pick up 
any load, as the speed cannot be raised, and 
variation of its voltage does no good. It is, 
therefore, necessary to proceed along different 
lines as follows: The excitation of an alter- 
nator must be raised with the load, and at 
any given value of the load the exciting 
current will have a certain value ; therefore, 
if the generators of the two frequency 
changers are of the same type and size they 
will require the same amount of exciting 
current at equal loads. It has been found 
that if they are paralleled in this condition, 
that is, with equal exciting current and, conse- 
quently, a very much higher voltage on the 
incoming machine, due to its being unloaded 
and therefore having no drop in its armature, 
they will divide the load equally between 
them, or in a proportion that will vary with 
the relative values of the exciting currents. 
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A little thought will make the reason of 
this action obvious, it being remembered 
that at the moment of paralleling there is a 
wide difference of pressure between the 
machines, which must result in the second 
one instantaneously appropriating some of the 
load. If this difference of pressure is made 
after the paralleling of the generators, it is 
neutralised as fast as it is made by the reaction 
on the field system of the wattless current 
that it will produce in the armature. ‘The 
changing over of the load is necessarily very 
sudden, but as the machines are purely rotary 
it is not accompanied by much shock or jar. 


INTERNAL expanding brakes are now fre- 


quently met with on motor cars. ‘They are 
conveniently fitted inside the ddt 
chain sprockets on the road “Brakes 


wheels of those of the chain- 

driven type. A metal-to-metal brake is far 

ahead of the old leather or wood-lined single- 
C 
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acting band brake, being more easily applied 
and far more certain in its action. We 
seldom hear now of accidents due to brake 
failure. Fig. то shows the type of internal 
brake fitted to the * Mercedes" cars, 
built by the Daimler Motoren Gesellschaft 
of Cannstadt. Itis of the toggle type, and 
has the “side” or “emergency” brake, 
operated by a lever at the side of the driver. 
The shoes are hinged and are expanded into 
the chain ring by toggles actuated by a double 
lever carried on the chain radius rod. The 
resisting effort of the brake is transmitted to 
the frame by the radius rod, as it also carries 
the pin on which the shoes are hinged. ‘To 
resist this stress, the radius rods have to be 


FIG. 10.—INTERNAL BRAKE FITTED ТО '* MER- 
CEDES”’ CAR. 


made strong, considered as beams, and are 
usually of T-section. The “Wolseley” car 
is also fitted with an expanding metal-to- 
metal brake, but in this instance it is operated 
by a pedal, the “side” brake being a double- 
acting band brake. The levers of this brake 
are so arranged that, though acting in both 
directions, the brake is more powerful when the 
car is travelling forwards than backwards, and 
the radius rod transmits the resistance to the 
frame, as in the * Mercedes” brake. The 
brake drums are carried by the sprockets 
on the road wheels, and it is a point worthy 
of notice that both brakes on this make of 
car are on the road wheels, so that the brake 
power is independent of the chains, and is, 
therefore, not affected should опе break. 
The braking effort is transmitted through 
the radius rods instead of through the chains, 
as in the case of countershaft brakes, thus 
lengthening their life, as, naturally, the stress 
caused by the application of a powerful brake 
is much greater than the drive from the 
engine. On all up-to-date cars the brakes 
are so powerful] that the driver can lock the 


wheels and cause them to skid on the ground; 
but the maximum braking effort is found to 
be attained just before the wheels commence 
to skid, and not when they are actually locked 
and slide on the ground. 


ÀN interesting kinematographic device for 
taking photographs of moving objects at 
enormously high rates has been 
designed by Mr. Lucien Bull, of Rapid 
Paris, who avails himself of the Kinemato- 
exceedingly short duration of the graph 
electric spark. As this may be (By our 
estimated at about 1/2,000,000 Berlin Cor 

: ent) 
part of a second, a moving film 
will traverse a distance quite inappreciable 
during this small interval of time, so that an 
image produced by the aid of the spark may 
be as sharp as on a fixed film. In order to 
obtain a series of images at constant dis- 
tances, so as to be able to effect the synthesis 
of the various snapshots, Mr. Bull produces 
the electric sparks at intervals corresponding 
to equal displacements of the film, using for 
this purpose the outfit shown in Fig. 12. Ina 
casing A is placed a cylinder B, which is 
mounted on a horizontal axle. To the same 
axle is fitted, outside the casing, a rotary 


FIG. 11.—DOUBLE-ACTING BAND BRAKE, FITTED 
TO ' WOLSELEY " CAR. 


current interrupter, serving to break the 
primary circuit of ап induction coil D at a 
given frequency during each revolution of the 
cylinder. A condenser F is connected in 
parallel with the secondary circuit connec- 
tions, the spark jumping in E between two 
magnesium electrodes behind the lens G, 
which concentrates the rays on the objective 
O, in the focus of which the cylinder turns. 
The cylinder bears a sensitised film and 
rotates rapidly. At each revolution a number 
of sparks corresponding to the number of 
contacts on the interrupter passes at E ; the 
objective has only to be opened during one 


. ^ 
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revolution, to obtain a series of images of an 
object placed between the lens G and the 
objective at constant distances apart. This 
is effected by а: double shutter, which is 
opened at the given moment by the passage 
of a cam fitted on the edge of the cylinder, 
while the closure of the objective occurs 
automatically at the subsequent revolution 


‘under the action of the same cam. The 


accompanying series of views shows a 


Ес. 12.—BULL’s KINEMATOGRAPH. 


dragon-fly (Arion puella) starting on its flight. 
The highest speed so far obtained is more 
than 2,000 views per second, but this figure 
will no doubt be exceeded by means of 
specially constructed outfits for the produc- 
tion of the electric spark. 


IN the past, applicants for patents in the 
United Kingdom have been obliged to make 
a search amongst the records of 
previous patents, if they wished жетг 
to know whether their invention patent Laws 
had been anticipated or not. 

With the commencement of the year 1905 
the new law comes into force, by which the 
officials of the Patent Office are required to 
institute a fifty-year search among existing 
patents, and to inform the applicant as to the 
nature of those already obtained which are 
on similar lines to that applied for. То 
provide for the extra work thus entailed, the 
staff of the Patent Office has been largely 
augmented, extra examiners having been 
selected by competitive examination. ‘There 
is no doubt that the facilities thus afforded 
to inventors will prove of the greatest im- 
portance in fostering technical progress, as 
in the past much money has been spent in 
patenting similar devices over and over 


again. 


BALLISTICS OF MODERN RIFLES. 


Ву К. Н. HOUSMAN, B.Sc., M.I.E.E. 


INCE the great improvements 
due to the introduction. of 
smokeless powder and cupro- 
nickel or steel envelopes for 
bullets, the ballistics of 
military rifles have undergone 
comparatively little change. 

The tendency towards extremely small 
bores for military purposes seems to have 
been checked vy the failure of the American 
Navy pattern rifle of *236 bore. ‘The smallest 
bore which has met with success is the *256 
Mannlicher. ‘There now seems to be a 
tendency in favour of somewhat larger bores, 
as instanced by Germany's retention of the 
49 mm., and America's adoption of a *300 
bore for both services. Hitherto, the one 
bar to improved ballistics with ritles of this 
bore, has been the increased weight and bulk 
of the cartridge, and the increased recoil 
which is the result of increased velocity. 
With a larger bore, there is no trouble in 
getting the same striking energy as with 
the '256 Mannlicher, but a velocity of 
2400 feet per second is only obtained at the 
expense of increased recoil, and heavier 
cartridges; the immense advantage of flat 
trajectory, however, demands that no cffort 
should be spared in overcoming these 
difficulties, 

It can hardly be denied that progress with 
other forms of explosion engine is largely due 
to the knowledge of the processes going on 
inside the cylinder, which. we have gained 
from the use of the indicator. For instance, 
the design of petrol motors will undoubtedly 
profit largely from the work of Professor 
Callender in designing an indicator suitable 
for speeds of over 2000 revolutions per 
minute. 

'The design of rifle and cartridge has, upto 
the present, been largely on empirical lines, 
and too little use has been made of the 
means at our disposal for taking diagrams 
which will indicate the exact nature of the 
changes of pressure in the barrel, and the 
modification caused by variation of charge, 
volume of chamber, form of explosive, 
etc.; and until the subject is dealt with on 
engineering lines, there seems little chance 
of rapid improvement, although the slow and 
expensive processes of trial and error would, 


no doubt, secure good results in the long 
run. 

The subject of internal ballistics appears 
to be much in the same state as was that of 
external ballistics before the classical investi- 
gations of Bashforth. A good deal of work 
has been done, but we have much more to 
do before our knowledge of the subject can 
be considered to be satisfactory. 

An account is given below of some of the 
conclusions arrived at from investigations 
carried out at the works of Kynoch, Limited, 
near Birmingham, 


INTERNAL BALLISTICS. 


The difficulties of recording the rise and 
fall of pressure in the bore of a rifle are vastly 
greater than in the case of any other explosion 
engine. The time of a working stroke is 
about туу of that of an ordinary gas engine, 
and the pressures are about one hundred times 
as high. Errors due to the inertia of any 
indicating apparatus have therefore to be 
most carefully guarded against, and this 
constitutes one of the greatest experimental 
difficulties, 

The means employed by the writer for the 
purpose of determining the pressure acting on 
the bullet as it passes up the bore, consist of a 
series of eight crusher gauges (Fig. 1) placed 
at intervals of three inches along the barrel, the 
first one being connected with the chamber, 
and the second with the bore three inches in 
front of the base of the bullet before firing. 
The last gauge 1s five inches from the 
muzzle, the length of barrel being twenty- 
eight inches (Fig. 3). 

Each crusher gauge consists of a small steel 
piston, working in a carefully fitted cylinder, 
which is screwed into the barrel and connected 
with the bore by a small hole, the size and 
shape of which is adjusted until the piston is 
nearly dead-beat. The whole of the space 
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FIG. 1. 
CYLINDER AND PISTON OF CRUSHER GAUGE. 
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between the piston and the bore is filled with 
cylinder oil, which is renewed every third 
shot. On top of the piston is placed a copper 
cylinder } in. long х } in. diameter, made 
from high conductivity copper wire, and 
annealed at a certain temperature, so that 
all strains are relieved. ‘The object of using 
so small a cylinder 15 to reduce the time lag 
as much as possible. ‘The copper cylinder or 
crusher is held in place by a screw which 
presses it firmly on to the piston. The 
pressure is determined by measuring the 
length of the crusher after it has been com- 
pressed by the gases in the barrel acting on 
the piston. A table of pressures corresponding 
to various lengths is constructed by firing a 
progressive series of charges in a gun having 
three pistons acted on simultaneously by the 
gas pressure. 

The areas of these pistons are in the 
ratios I'O, I'25, and 2'0; these 
give the crusher lengths corresponding 
to pressures in the same ratios. 
In this way the form of the curve 
connecting pressure and length of 
crusher is determined, and the actual 
values are given by dead weight experi- 
ments with pressures which do not 
cause any appreciable flow of the 
copper after the first instant. ‘The 
curve then holds good for all values 
up to that given by the largest charge 
on the largest piston used in the ex- 
periments. If dead weights alone are 
used, the curve is incorrect for pressures 
above about 13 tons per square inch of 
copper section, at which point time-flow 
commences. 

The adjustment of the holes leading 
from the barrel to the cylinder is some- 
what tedious, but is most important. 
It the hole is too small the time lag is exces- 
sive, and is difficult to estimate; whilst if it 
is too large, the piston over-shoots too much, 
and the measurements are untrustworthy. 

The best results are given when there 1s an 
over-shoot of about 1o per cent. which can 
be allowed for. 

The time lag is then about 25 per cent. 
greater than with an undamped piston. The 
pistons used vary from І in. to } in. diameter, 
the last six having areas approximately 
inversely as the pressures exerted on them 
under average conditions. This practically 
eliminates any question of error in the crusher 
table. 

The weights of the pistons vary from eleven 
to thirty-three grains, and the crushers weigh 
Seven grains each. 
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A, A— Uncorrected pressure curve. 


The time lag of the lightest piston 
(undamped) is *000072 seconds, or *00009 
seconds damped. ‘The times are propor- 
tional to 


^/ Wt. of piston + (1/3) Wt. of crusher, 


so that the heaviest piston has a time lag of 
0*000156 second. With a velocity of 2000 ft. 
a second the bullet moves nearly four inches 
whilst the crusher is registering, so that the 
last piston, which is five inches from the end, 
gives the pressure when the bullet is about 
one inch from the muzzle. 

Fig. 2 shows the corrected and uncorrected 
pressure diagrams for the Service *303 car- 
tridge with thirty grains cordite fired in a 
rifle with a “ short lead," which gives higher 
pressures than the service rifle. Although 
the difference of area in the two diayrams is 


VELOCITY, FT. PER SEC. 


DISTANCE FROM BASE OF DULLET. INCHES 


FIG. 2.—PRESSURE AND VELOCITY CURVES OF *303 
“SHORT LEAD" RIFLE, WITH 30 GRAINS CORDITE 


AND 215 GRAINS BULLET. 
B, B— Pressure curve 
corrected Jor time lag, C, C—Vilveity curve. 
considerable, the general characteristics are 
the same, so that when only a comparison of 
the behaviour of different forms of cordite 
is required, the uncorrected diagram is suffi- 
cient to indicate the difference, ‘he corrected 
diagrams are required for determining the 
percentage of energy absorbed by friction, or 
for finding the law of expansion of the gases. 
The pressure gun is suspended by steel 
wires about four feet long, as shown in Fig. 3. 
By this means recoil is measured at the same 
time as pressure, and velocity records are 
also taken by means of the well-known 
Boulanger chronograph. The various pressure 
curves shown are all obtained. from this 
instrument. Before discussing {һе results a 
sketch of the theory which has been found 
consistent with these experiments is necessarv, 
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The most important 

point, víz :—the law 

connecting rate of 

combustion of cor- | 
dite and pressure, 
can only be inferred, 
since its direct deter- 
mination involves 
measurements of 
time intervals of the 
orderof onemillionth 
of a second. This 
remains to be done. 
In the meantime 
indirect evidence 
seems to point to a 
nearly direct propor- 
tionality between 
pressure and rate 
of combustion. As- 
suming this law, and 
that for a short time | 
the net volume of 
the chamber and the 
temperature are con- 
stant, it can be shown that the rate of increase 
of pressure is equal to the product of the 
pressure multiplied by the volume of gas 
evolved per second (measured at the pressure 
under which it is evolved), and divided by 


| 


the net volume of the chamber. This ex- 
pressed mathematically is 
dp. 
дг 6 
where 
_ the area of burning surface se waged OF 


net volume of chamber 
gas evolved per second per unit surface ; and 
since @ is constant, the volume of gas evolved 
per second, measured at the pressure under 
which it is evolved, is constant at all pressures. 


Hence, 
p = p.c" where 2, is the pressure when / = o. 


For any two pressures, log, P a (4— 4). 

If 2, is the initial pressure produced by the 
cap, then log, Е = а f, where / 15 ће time 
which has elapsed since 2 = fy. 

Thus, for 


at= i = 2°72, 


and for 


at= 2°30 s 10. 
A 


I | | 
> тау be called the time constant of the 
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FiG. 3.—PRESSURE GUN WITH EIGHT GAUGES, SUSPENDED FOR 


MEASURING RECOIL, 


explosion curve, being the time in which the 
pressure increases to 2°72 times its original 


* 30 


2 х : . : 
value, and Uu 18 the time in which the 


pressure increases tenfold. 


з І. А ; 
The time constant 2 18 proportional directly 


to the net volume and inversely as the burn- 
ing surface for a given explosive. 

It has been assumed above that « is 
constant, but this is not generally the case. 
Take, for example, the usual strand cordite ; 
here the diameter of the strands, and con- 
sequently the surface, diminishes as combustion 
proceeds. | Under constant pressure the 
surface would be reduced at a constant rate, 
and the average would only be one-half of 
the initial value. Under similar conditions 
with spherical grains the average would only 
be one-third of the initial surface, whilst with 
a large thin sheet the initial, average, and 
final surfaces would be practically equal. 
The best possible form would be a cylinder 
with a small central hole, and the ends and 
outside surface protected against combustion. 
This would give a uniformly increasing rate 
of evolution of gas which would compensate 
for the increase of volume due to the accel- 
eration of the bullet, and so tend to produce 
a uniform pressure whilst the combustion 
lasted. ‘This ideal has not yet been attained. 

The American military powder consists of 
short cylinders, the diameter of which is 75 
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per cent. of the length, pierced by an axial 
hole about one-third of the outer diameter. 
The final surface is 32 per cent., and the 
average 66 per cent. of the initial surface. 

The form most commonly used on the 
Continent is a square flake with a thickness 
about 15 per cent. of the side of the square. 
This gives a final surface of 46 per cent., 
and an average of 73 per cent. 

The form recently adopted by Kynoch, 
Limited, is a flat strip with a thickness of 
about 15 per cent. of the width of the strip. 
This gives a final surface value of 74 per 
cent., and an average of 87 per cent. 

These figures are summarised below :— 


Ratio of | Ratio of 
F average final 
Orm, to initial | to initial 
surface. | surface. 
Spherical . . . . . . . 337 о 
Round strand . . TE" 50% о 
Short hollow cylinders br G 66% 32% 
Flake thickness, 15% . T 73 467, 
Fat-strip thickness, 15%. о 87% 747, 
Wide thin sheet . . . . .| 1007 тоо 


The great advantage of a form having а 
high final value is that it makes possible the 
complete combustion of the explosive at a 
comparatively early stage, without involving 
such a large initial surface as to unduly 
increase the maximum pressure. In the 
Service '303 rifle, strands of unburnt cordite a 
few thousandths of an inch thick are blown 
from the muzzle. "This can be avoided by 
using either thinner strands or flat strip. The 
former increases the pressure considerably, 
the latter reduces it, as will be shown later. 

Returning now to the consideration of the 
rise of pressure when a cartridge is fired, we 
may consider the initial pressure as determined 
either by the pressure produced by the cap, or 
that which is required to start the bullet from 
the case, whichever happens to be the highest. 
A value of one ton per square inch may be 
taken without serious error. It will be seen 
from the equation for the rate of rise of 
pressure that the time in which the pressure 
would increase tenfold if the bullet did not 
move, and the surface remained constant, is 
3. If the bullet is free to move, the time 
of reaching a tenfold pressure is prolonged, 
and will depend not only on the burning 
surface and volume of the chamber, but on 
the weight and diameter of the bullet. 

Thus, the rate of rise of pressure in 
the earlier stages depends entirely on the 


· diagram. 


value of a, or for a given explosive on the 
value of 
area of burning surface 


net volume of chamber 


provided always that the initial pressure is 
the same; yet, when the pressure arrives at 
its maximum value, the velocity of the bullet 
depends upon this value of 


area of burning surface 


— —ÓÀ— a 


(diameter of bore)? ' 


This will be clearly seen by considering that 
at the instant of maximum pressure the rate 
at which the volume of the chamber is 
increased by the motion of the bullet is equal 
to the rate at which the volume of the gases 
is increased by the combustion of theexplosive. 
The latter quantity for a given explosive, by 
our preliminary hypothesis, depends only on 
the burning surface, and is the same for all 
pressures. Thus if V,,, is the velocity of the 
bullet at the instant of maximum pressure, 
and d the diameter of the bore, or 


Vinp@? с burning surface 


M nn 


burning surface 
d? 

V „ May be called the critical velocity, and is 
independent of weight of bullet or volume of 
chamber, so long as the burning surface re- 
mains the same. The measurement of the 
critical velocity enables us to estimate the rate 
of burning at various pressures. If ze be the 


^) | 
P? — =area of time- 


weight of the bullet, then M: 


pressure diagram up to point of maximum 
pressure minus the area of the time-friction 
diagram up to the same point. 

Also СААС 

2g 

diagram up to maximum  pressure-friction 
This calculation. from Fig. 2 
gives the approximate value of V,,, as 
about goo Ё. /secs. for the Service rifle, which 
agrees very well with an experiment with a 
barrel cut down so that the travel of the bullet 
was about two inches, which corresponds to 
the point of maximum pressure. 

The time-pressure curve may be calculated 
by assuming @ constant for a short interval 
of time such as тусу second, and making 
suitable corrections at each interval for the 
altered conditions of surface and volume. 
The process is tedious, but gives results 
sufficiently agreeing with observation to justify 
the assumptions made. 

The effect of increasing the initial pressure 
by using a stronger cap, or fastening the 


= area of space- pressure 
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bullet more firmly in the case, is to increase 
the rise of pressure in a given interval of time 
in the same proportion, so long as a remains 
nearly constant ; but the higher pressure causes 
a more rapid acceleration of the bullet, and 
a more rapid reduction of the value of a : the 
maximum pressures are therefore not pro- 
portional to the initial pressure, although they 
show a marked increase as the initial pressure 
Is raised. 

The distance travelled by the bullet before 
entering the rifling has а very considerable 
effect on the maximum pressure. Forexample, 
if the “free travel” of the bullet of a +303 rite 
be reduced from ‘5 in. to ^2 in., the pressure 
rises from 16 tons to 18 tons. This is 
accounted for by the retarding of the bullet 
owing to the great pressure, amounting to 
some tons per square inch, required to force 
the bullet into the rifling. ‘This increases 
the time required to give the critical velocity, 
and during the extra time the pressure 
continues to rise. If there is no free travel, 
the initial pressure must be reckoned as that 
required to force the bullet into the rifling ; 
since this may amount to several tons per 
square inch the initial rise of pressure will be 
very rapid, and the maximum pressure con- 
sequently very high. 

On various occasions the term “net 
volume" has been used above; this may 
be defined as the total volume snus the 
volume occupied by any solid substance. 
The explosive is included as a solid substance, 
and its solid volume is supposed to remain 
the same after explosion. | This can be 
justified theoretically, but an experiment 
devised to settle the point, which will be 
described later, is the real basis for the 
assumption. The tables based on Sir A. 
Noble's experiments, which appear in the 
Service text-books, also support this view. 
In these tables the volume of the gases from 
a given quantity of cordite, at various 


pressures, is given; the product of these 
values of p and v increases considerably with 
the pressures, showing that ^7 is not constant. 
If, however, the volume of the cordite is sub- 
tracted from that of the gases, the product of 
this net volume and the pressure is nearly 
constant from ro to 30 tons per square inch. 

We shall now consider the form of diagram 
which is most desirable, and compare it with 
those actually obtained. It is often stated 
that the best form of diagram for a rifle is 
that which. shows uniform pressure from 
breech to muzzle; this, however, would be 
as undesirable in a rifle as in a steam engine. 
As a matter of fact, the ideal diagrams in the 
two cases are very similar, but the actual 
rifle diagrams more nearly resemble those of 
a gas engine. The points to be aimed at in 
a rifle diagram may be stated as follows :— 
First, the combustion of the propellant as 
much as possible at the maximum pressure, 
which should consequently be nearly constant 
during the combustion of the explosive; and 
second, the subsequent expansion ОЁ the 
gases down to a pressure not exceeding about 
three tons. ‘The first condition is never 
approached with any existing propellant, 
since at least one-half is spent in reaching 
the maximum pressure, and in many cases 
combustion is not complete when the bullet 
leaves the barrel. It need hardly be said 
that all the explosive that burns near the 
muzzle is practically thrown away, and only 
serves to heat the barrel and increase the 
recoil. A low muzzle pressure is desirable, 
to cool the gases and reduce the blast which 
is liable to disturb the steadiness of the 
projectile; it also tends to reduce recoil. 
‘The great bar to the attainment of these two 
conditions is the excessive chamber capacity 
which is necessary to keep the maximum 
pressure within limits when the initial surface 
of the explosive is much greater than the 
average surface. 


(Zo be continued.) 


THE SAFETY OF SUBMARINES. 


By ALAN H. BURGOYNE, F.R.G.S., Author of ** Submarine Navigation, Past and Present," 
* The Future of the Submarine," etc., etc. 


Fic. 1.—INTERIOR OF THE “HOLLAND.” 


From * The Romance of Modern Invention,” by Archibald Williams. By permission of 
С. Arthur Pearson, Limited. i 


O type of vessel has been the subject 
of. more public attention than the 
submarine boat. Certainly, during 
the last three or four years in England, 
and since 1888 in France, this novel 

and untried weapon of modern warfare has 
been kept continuously before the public; and, 
I we may judge by the contemporary press, 
it would be hard to say what things these 
craft are incapable of doing. 

Orne are to conquer the frozen North, and 
Put Nansen and his compeers to perpetual 
shame ; others will rush across the Atlantic 
at speeds that would allow the Kaiser 
Wilhelm 17. three days’ start; whilst many 
more, on their launch (or even projection), 


have been held to have doomed the battle- 
ship and cruiser to summary destruction. 
But, in all cases, writers have obviously 
forgotten the limitations of a type of craft 
which, though already experimented on for 
many years, is still in its infancy. Our 
present submarines are little more than 
expensive toys, and their development into 
efficient units of the modern battle-fleet will 
occupy years of ceaseless trials and experi- 
ment. Thus far we have got, however: they 
can dive in absolute safety, how, when, and 
where their commander desires ; their stability 
is practically perfect; and their ability to 
cruise in the open sea has been demonstrated 
on more than one occasion. As to their 
D 
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limitations, they possess very poor speed, a 
meagre armament, and no methods of safety 
for the crew should an accident occur. 

In most submersible vessels, nominal 
security 1s obtained by the possession of a 
reserve of buoyancy sufficient, should all 


bear in mind that our British submarines are 
not the only ones in existence. There is a 
tendency in certain quarters to regard the 
Holland and Ат types as the “be all" 
and “end all" of the submarine question; 
but to endeavour to apply special apparatus 


Fic. 2.—THE ** HOLLAND” SUBMERSIBLE BOAT. 


From “The Romance of Modern Invention,” by Archibald Williams. By permission of 
С. Arthur Pearson, Limtted. 


other machinery break down, to bring the 
boat to the surface. This в an obvious 
method, and needs little comment ; but its 
value is not great in the case of a collision 
such as that which caused the loss of the 47. 
Before proceéding to a detailed discussion of 
the various methods of securing safety in 
submersible craft, I would ask my readers to 


to little experimental boats that have 
scarcely sufficient space for their propulsive 
mechanism is obviously absurd. The new 
French submarines of the Emeraude class 
are of 422 tons displacement, and I am 
in a position to state that no such accident 
as that which cost the lives of the gallant 
crew of the 47 would endanger those of 
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the crews of these latest creations 
of our Gallic neighbours, 

Yet something might be done 
even with the small Holand boats 
of 120 tons displacement, or the 
somewhat heavier Az-Ag class. 
Let us consider for a moment the 
position of the men in a vessel of 
this type in the event of an accident. 
In a small space about sixty feet in 
length, with a varying diameter of 
from то feet to about 1 foot 6 
inches, are cooped up five to eight 
human beings. At a given signal, 
the only method of egress is her- 
metically sealed,and the boat driven 
below the surface ; it is now in the 
position of a steel coffin containing 
eight live men. Suddenly a shock 
is felt, and a spurt of water rushes 
in through a small breach in the 
plates. What must the occupants 
do? Now there are two points of 
view from which to approach this 
question, and each rests on a sup- 
position. The first takes for granted 
that, as the immediate result of the 
concussion, the whole of the living 
occupants are rendered unconscious 
or incapable of action ; the second 
pre-supposes that some or all of the 
crew retain their senses, and are in 
a position to do everything possible 
for their salvation. 

Far more importance attaches to 
these two points than might be 
supposed ; for, in the first eventu- 
ality, no device actuated by hand 
power would be of the slightest 
avail. Captain Bacon, the well- 
known British authority on the 
Holland type of submarine, stated 
in his evidence at the enquiry into 
the causes of the Az disaster, that 
in his opinion the whole of the 
crew of the Az were, if not killed, at 
least rendered unconscious as the result 
of the collision with the Berwick Castle. 
Yet, although he holds this view, jn his 
criticism of a paper I recently had the 
honour of reading at the Royal United 
Service Institution, he depreciated in no 
mild terms my proposals for automatic safety 
appliances in submarine boats, preferring 
rather to rely on the intelligence of the crew 
than to trust to automatic mechanical devices. 
Whilst everyone will, I feel sure, give due 
weight to Captain Bacon's opinion, it must, 
nevertheless, be obvious, even to the uniniti- 


Fic. 3. —A DETACHABLE SAFETY Buoy. 


ated, that manually-operated machines could 
scarcely render the services for which they 
were designed when those intended to 
operate them are deprived of their senses. 
For this reason I am inclined to favour 
as many practical automatic appliances as 
possible ; and it seems difficult to account 
for the recent contradictory views of Captain 
Bacon, when compared with his beliefs given 
in the evidence on the recent disaster off the 
Nab Light. ‘Take first the most simple idea 
applicable to almost any submarine of what- 
ever size. This is an appliance which I call 
* the detachable safety buoy,” and its principle 
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is clearly shown by a glance at the appended 
sketch (Fig. 3). In the event of a sub- 
marine becoming entangled by an obstruction 
at the sea-bottom, or unable to rise for some 
reason, the commander possesses no means 
of informing his friends above of his predica- 
ment. If, now, a safety buoy such as I shall 
describe be provided, he would at least be 
able to open up communication with those 
above. ‘The apparatus consists of a small 
steel buoy fitted. оп its upper face with a 
water-tight Бох ; this box contains the one 
terminal of a metaphone, and is telephonically 
connected, by means of a wire, with the 
interior of the submarine. In large sub- 
mersibles this buoy might be fitted flush. with 
the deck in a recess built in the hull itself ; 
in our Holland type it could conveniently be 
placed just aft of the 
conning tower, in a steel 
box placed on the light 
superstructure. It would 
be retained in its posi- 
tion by a light steel rod 
capable of release from 
within. It might further 
be fitted with a small 
signal mast about two 
feet in length, bearing 
a certain distinguishing 
flag,and a Holmes light; 
if,with these aids, a sub- 
marine placed in the 
awkward predicament 
I refer to were not 
speedily located, it 
would say little for the 
energy of the searchers. 

We next come to the question of the 
conning tower. This must, in every case, 
project some distance above the deck line of 
the hull, and hence, when submerged, must 
prove a source of danger, as the accident to 
the Az has recently shown. When below 
the surface the conning tower is useless, 
since all operations connected with navigation 
could very well be carried on within the hull 
proper of the submarine. ‘This being the 
case, a horizontal steel door might be fitted 
level with the deck; on reaching the depth 
at which the lid of the submarine became 
immersed, this automatically shuts off the 
conning tower from the interior, thus, in case 
of a leak, preventing a rush of water into the 
hull. 

In considering this proposition, I would 
again especially ask my readers to banish the 
flolland type from their minds. I have 
made a careful and systematic study of this 
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class (thanks to the great courtesy of the 
“ Holland Torpedo Boat Company,” of New 
York), and grasp fully the fact that in the 
units already constructed from these designs, 
many very serious difficulties would be 
experienced in the application of a sliding 
door such as I propose. But in future 
designs, it should receive serious consider- 
ation, for no less an authority than. Sir 
Edward Reed, K.C.B.,has given mehis opinion 
that, by a careful study of this feature, many 
of the present dangers might be combatted. 
Should the “ automatic closing" not appeal 
to service men (and, after all, their opinions 
are the first to receive consideration), a 
simple expedient could be devised where- 
by the officer in charge would be reminded 
of his duty to close the sliding door. 

In the lid of the con- 
ning tower should be 
fixed a hydrostatic 
valve, or disc, con- 
nected to an ordinary 
bell-push by a slight 
spiral spring ; this disc 
externally has the pres- 
sure of water acting on 
it, and the moment the 
conning tower becomes 
submerged, the disc 
would be compressed 
and in turn act on the 
spring, thus completing 
a circuit. ‘The bell (to 
which the  bell- push 
would be connected in 
the ordinary way)would 
commence ringing, and 
continue doing so until the shutting of the 
sliding door cut off the current. The appen- 
ded sketch (Fig. 4) shows roughly what I 
mean. 

In the event of the swing of the conning- 
tower lid interfering. with the electric con- 
nections, these might be made direct through 
the metal of the toggle locking device 
employed for closing it. Any other method 
might conceivably interfere with the water- 
tight condition of the lid, which in the 
folland and most French boats is secured 
by compression against a rubber gasket. 

There is one further device applicable to 
vessels of the /7o//aud type, or indeed to 
almost any of the smaller classes of sub- 
mersible craft. This takes the form of one 
or more heavy metal drop-weights, fixed in 
such a position beneath the keel, that their 
sudden release will not appreciably affect the 
longitudinal trim of the boat, This device 
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is a very favourite one in both France and 
Russia, and has also been employed in Italy. 
The weights should be divided into one or 
more even blocks, each of which becomes 
detached in turn after a quarter-rotation of a 
releasing lever. То illustrate the application 
of these weights, I append two elevation 
diagrams (Figs. 5 and 6). The first of these 
represents the French Gymnôte designed 
by M. Gustave Zédé, and the second the 
Porpoise, a small submarine launched in 
1886 at Seacombe, and built to the designs 
of Mr. Waddington. 

Our submarines are open from end to 
end, and hence a single breach fills the 
whole vessel. As these craft increase in size, 
a system of sub-divisions should, and no 
doubt will, be introduced. Each vessel 
should be sub-divided into seven or eight 
separate compartments, communication be- 
tween these being obtained by automatic 
water-tight doors, such as are to be found in 
all modern surface-warships and the majority 
of passenger vessels. One or all of these 
compartments should be capable of isolation, 
by automatic closing apparatus, from any 
individual compartment. I have been told 
that the hygiene of the crew requires to be 
considered before sub-dividing a submarine ; 
but I would have it borne in mind that such 
sub-divisions would be ridiculous in any 
vessel under 200, or at the least r5o, tons, 
and could not, indeed, be fully applied to 
any submersible having a lesser submerged 
displacement than доо tons. The French 
Emeraude vessels have been divisioned off 
into a number of compartments, but not in 
the complete way I propose, in which the 
divisions would extend from top to bottom 
of the hull and from side to side, the only 
means of communication between each being 
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the water-tight doors above referred to. A 
vessel fitted as I describe could, if the designs 
emanated from a practical naval architect, be 
rendered immune from disaster in the event 
of only one compartment filling ; and if this 
fact were known to a crew, they would un- 
doubtedly give infinitely less consideration to 
their risk of destruction in an attack, than 
they would if they knew that the first breach 
in the hull meant certain death. 

As submarines grow larger, so will the 
total of weight allotted to safety appliances 
increase in amount ; and in vessels from 400 
tons upwards it should not be found a very 
difficult matter to make an addition of one 
or more detachable safety boats, capable of 
holding the entire crew, and possessing 
sufficient buoyancy to rise, when detached, 
to the surface. These should, in the case of 
a vessel subdivided in the manner I have 
just described, be fitted with hatches in two 
or more compartments, to add further to the 
chances of escape for the crew. Such a boat 
was first designed, and indeed experimented 
with, by MM. Bourgois and Brun, in their 
453-ton submarine, the P/ongeur, launched 
at Rochefort on April 16th, 1863. Оп 
September 15th of the same year, the 
Plongeur proceeded to sea to test the 
efficacy of the detachable life-boat. The 
trial was quite successful, the little boat, 
with half a dozen occupants, leaping off the 
parent-ship the moment the screws were 
loosed. 

Twenty-four years later, in 1887, Lieut. 
G. W. Hovgaard, of the Royal Danish Navy, 
published the plans of a submersible torpedo- 
boat, which was to displace no less than 
740 tons. One of his special features is a 
detachable boat, which he describes as 
follows :— 
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“Tf, in spite of all precautions, the ship 
should sink to the bottom, without being 
able to get up again by its own means, as 
might happen by a breakdown of the motors 
or pumps, or in the case of a great leakage, 
it must be possible for the crew to escape. 
This is the reason why a detachable boat 
ought to be fitted. In the present design it 
has been placed in the top of the ship, in a 
hollow built down into the superstructure 
(Fig. 7). The superstructure extends fora 
length of 32 feet, and has a height above the 
top of the ship of 2 feet 3 inches. Thereby 
we gain head-room underneath the boat in 
the steering room. The detachable boat is 
designed to stand the same pressures as the 


boat will ascend to the surface. Communica- 
tion with the vessel, if somebody should be 
left behind, may be kept up by telephonic 
connections. 

* When the boat comes to the surface, the 
doors in the upper part are opened. This 
boat is essentially the same as that in Ze 
Plongeur.” 

The appended plan (Fig. 7) gives a very 
good idea of Lieutenant Hovgaard’s invention. 
In a recent design of my own, I followed out 
the idea of Hovgaard, and Bourgois and 
Brun, with slight modifications. 

One last proposal which applies to all 
submarines, though particularly to those of 
small or medium size. This is, that all 
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vessel itself ; it rests on a saddle-shaped 
packing, against which it is tightly pressed 
down by means of a number of clips. 

* [nside this packing is a circular door in 
the boat, and a corresponding and smaller 
one in the ship, arranged in such a way that 
it is possible to get up into the boat. This 
done, all the handles on the clips are turned. 
The water will probably now enter the space 
inside the packing, and if not, it may be 
made to do so through a small pipe leading 
from the outside to this space, and provided 
with a stopcock. The boat will now have a 
certain buoyancy, but will hang on by two 
main clips, placed one at each end of the 
detachable boat, and in mechanical connection 
with each other, so that they can only be let 
go both at the same time, thereby preventing 
jamming. When these clips are opened, the 


should be fitted with one or more pairs of 
strong steel eye-bolts. In the plan of the 
Russian submarine, designed by Drzewiecki 
(Fig. 8), two eye-bolts A А can be seen, 
and by means of these the little vessels of 
this class could be lifted out of the water in a 
few minutes. On several occasions these 
eye-bolts proved the salvation of the two 
men forming the crew ; for when, for some 
reason or other, the little vessel refused to 
rise (as happened more than once), a cable 


with clamp-hooks was attached, and the ` 


submarine hauled up to the suiface. 

Such a method as this would be impossible 
in larger vessels, even in the smaller Hollands. 
Nevertheless, if a series of such eye-bolts 
(say three pairs), were securely bolted to three 
steel containing-rings encircling the entire 
hull of the submarine, the raising of the 
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vessel in the event of an accident would be 
very greatly simplified. 

Perhaps, after expounding the above ideas, 
I shall be accused of forgetting the function 
of the submarine—that of a destroyer of 
battleships. I may be told that all the 
available weight must be applied to the 
augmentation of the means of offence, and 
that the safety of the crew must be always a 
subsidiary consideration. My firm opinion 
is, that it would be deplorable if the officers 
and men who so gallantly devote their lives 
to submarine navigation were not given the 
same chances of life, should a misadventure 
occur, as their fellows of the upper sea; and 
it is due to the nation that the future policy 
of our Admiralty in this respect be made 
public. Оп the surface, a large proportion 
of the total displacement is devoted to means 
of protection — armour belts, minute sub- 
division, protective decks, etc.—the object 
of these devices being more for protection 
against attacks by an enemy than against 
accidents. In the case of submarine vessels, 
their power of submergence is their best 
defence against the foe; and it is, therefore, 
to the minimising of fatal results, in the 
untoward event of an accident, that the efforts 
of constructors should be directed. 

It will be a great step in the right direction 
when electric motors and their attendant 
troubles can be dispensed with altogether. 
Already the Italians have out-distanced us in 
this respect in their submersible, the G/auco, 
building at Venice from the designs of 
Engineer Casar Laurenti. This constructor 
employs a single oil motor for both sub- 
merged and surface work, while we stick 
stolidly to electric power and its tremendously 
weighty accumulators. A danger arises from 
the fumes these accumulators sometimes give 
off, in spite of all precautions. "The entire 
crew of the Narval had to be conveyed 
home on one occasion, and two of them had 
perforce to be invalided out of the service. 
The 47 submarine had a very bad time 
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coming down to Portsmouth from the North, 
the batteries short-circuiting frequently and 
giving great trouble. It has even been 
stated, in reference to the recent accident, 
that the crew of the 47 were suffocated by 
the first rush of sea-water mingling with the 
acid of the batteries and giving off fumes of 
chlorine-gas, which would, of course, soon 
prove fatal. Certainly, no intelligent person 
can believe what the jury were told—that the 
collision (which only slightly damaged the 
hull) suddenly deprived ten men of all power 
of motion, even that necessary to turn a 
handle. 

Touching this question of death by shock, 
had the blow delivered by the Berunck Castle 
been of greater intensity, it is quite within 
reason to imagine that all the unfortunate 
occupants would have succumbed to the 
concussion ; for, owing to the density of the 
ambient fluid, the entire force and subsequent 
vibration of the blow must of necessity be 
taken up by the submarine itself. In this 
particular a blow on a submerged body 
differs from a similar shock delivered on the 
surface, where the vibration, in which the 
real danger lies, radiates quickly through the 
thin medium of the air. It is owing to this 
peculiarity that the effectiveness of the 
torpedo 15 greatly due, for I need scarcely 
say that a charge of gun-cotton exploded 
against the hull of a ship in dry-dock would 
not be nearly so potent for damage as it 
would were the point of contact surrounded 
by a body of water. 

An important step towards the insurance 
of safety for those whose duty takes them 
beneath the sea would be for those responsible 
to forbid manceuvring in narrow and much- 
frequented fair-ways. The jury at the recent 
inquiry recommended that “for the future, 
submarine manceuvres should not be carried 
out in the narrow fair-gay " ; but Captain 
Bacon pointed out that such a regulation 
would be impossible, and at the Coroner’s 
suggestion the recommendation was, as many 
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think very reprehensively, struck out. There 
are many places where manceuvres might be 
quietly conducted under war conditions. 
Certainly during war time it will be unusual 
if the mercantile traffic remained as constant 
and unwatched as during peace; and more- 
over, during war, captains of ships would 
keep a good look-out for such vessels as 


submarines, particularly in the neighbourhood 
of a naval base such as Portsmouth. 

Time, no doubt, will rub many awkward 
corners off the present submarine boat ; and 
we may feel assured that, if any improvements 
can be made in those under the White Ensign, 
the officers and men at present employed in 
these are the men to execute them. 
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THE PETROLITE LAMP. 


HE Petrolite lamp is arranged in 
such a manner that air 15 con- 
tinuously carburetted by passing 
over anabsorbent non-combustible 

material charged with light hydro-carbon 
(petroleum) spirit. The burner tube T 
penetrates into the interior of the receptacle, 
its lower end fitting into a sleeve S. Air 
is admitted at the air-holes indicated in the 
diagram, and thence passes downward through 
the wide tubes T' and enters the burner-tube 
at the aperture A. Air also passes over the 
absorbent material charged with petroleum 
spirit by way of the aperture D, whence, 
charged with hydro-carbon vapour, it enters 
the burner-tube by way of the aperture B. 
At А and B apertures are made in the sleeve 
S and the burner-tube T'; by rotating the 
burner-tube these apertures can be adjusted ; 
arrangement is made that when the carburetted 
air apertures B are fully opened the air 
openings А are closed, and zice verså. Ву 
this means the amount of carburetted air and 
pure air can be varied so as to give a non- 
luminous flame at the burner head; this 
flame is used to heat a mantle, as in the 
ordinary incandescent gas burner. There is 
no wick to this lamp and no free liquid ; 

therefore if the lamp is accidentally upset or 
broken, an explosion cannot occur. The 
cost of light i Is less than a farthing per hour 
for fifty candle-power. ‘The lamp is made 
by the firm of efrolite, Limited, 66, Berners 
Street, London, W. 


THE FIBROUS CONSTITUENTS OF PAPER. 
(Continued.) 
By CLAYTON BEADLE. 


Illustrated with Photo-micrographs by John Christie, F.R.M.S. Diagrams by the Author. 


EFORE proceeding further 
with our subject, we shall 
briefly review the work which 
has been done in the same 
direction by other observers. 
The only work of importance 
bearing on the qualities that 

we have recently discussed is that of Max 
Schubert. I prepared my manuscript for 
this series of articles before I became 
acquainted with Schubert’s work, and I wish 
to express my indebtedness to my friend 
Mr. J. F. Briggs for having brought it to my 
notice. 

Schubert made. some experiments with the 
“shake” of the paper-making machine. He 
made “news” without shake and “news” 
with 170 and 225 shakes per minute, the 
amplitude of the shake being 8 mm. or 
t inch in both cases. Making allowance 
for the difference in substance of the papers, 
and making other corrections for moisture, 
etc., etc., his results show that the average 
strength is increased by about ro per cent. 
when working with 170 shakes per minute. 
Beyond 170 littleorno improvement is noticed; 
itis therefore undesirableto increasetheshake, 
as it causes more wear and tear on the machine 
wire without advantage to the sheet. These 
observations were made on a thin newspaper 
of from 53to 55 grams per sq. meter. ‘The 
mean elongation was increased by about 4 per 
cent. with 170 shakes per minute. Schubert's 
curves for thick writing paper (7.e, 140 grms. 
per sq. m.) show that up to 159 shakes per 
minute there is little change in the direction 
of the fibres, and that a good influence on the 
“felting” is only got by the application of 240 
to 250 shakes per minute. With thin “news” 
the least shaking immediately increases the 
mean breaking length. Up to 150 shakes 
per minute, the increase is considerable. 
Between 150 and 200 the changes are 
practically of no account, and a slight further 
improvement is only shown when 225 oscil- 
lations per minute are reached. The mean 
stretch is slightly influenced by the shaking, 
namely to the extent of 8 per cent. increase. 
With thick writing paper any shaking 
immediately increases the breaking length, 
but owing to the thickness of the web less 


than 150 oscillations are of little account. 
The improvement is greater between то 
and 200, and is most evident at the speed 
of 250. ‘The mean elongation is favourably 
affected by the shake to the extent of 14 per 
cent. increase. 

Schubert pursued an original method in 
investigating the “lie” of the fibres in the paper. 
He mounted specimens under the microscope 
and counted all the fibres on either sideof 45° to 
the “machine” and “cross” directions. These 
he grouped either in the machine or cross 
direction, without taking into consideration 
the exact angle of the individual fibres. He 
made allowance for the length of the fibres ; 
thus, the long ones counted as 3, the inter- 
mediate ones as 2, and the small ones as 1. 
My method made no difference between the 
length of the fibres, and I carefully observed 
the angle of each individual fibre, so as to get 
at the mean angle. 

Schubert furthermore experimented by 
boiling 34 papers of different thicknesses with 
caustic soda, and noting the number of layers 
into which the paper separated after shaking, 
but without artificial assistance. Grease- 
proof parchment paper would not split, 
however thick it was; but other papers split 
if of greater substance than 45 grams per 
square meter. It is interesting to note 
that the average thickness of a separated 
layer is also 45 grams per square meter, which 
therefore appears to be the substance of the 
layers into which paper pulp naturally forms 
itself on the paper machine. Thin papers 
and those less than 45 grams per square 
meter do not tend to separate into layers, as 
they consist of one natural layer only. I have 
drawn attention to this property of “ paper- 
lamination” in previous publications, and have 
endeavoured to explain how and why it is 
that paper naturally forms in laminz on the 
machine, and what forces act upon it to bring 
about this result. Many papers do not 
separate into natural laminz in the manner 
indicated by Schubert's results. Well-pre- 
pared hand-mades resist in a marked degree. 

Schubert counted the fibres in the machine 
and cross directions in these separated layers, 
and his results are extremely interesting. 
They show that the fibres in contact with the 
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machine wire have a much greater proportion 
pointing in the machine direction than those 
at the top surface of the paper. They show, 
furthermore, that as the shake 15 increased, so 
the fibres tend to set themselves in the cross 
direction. Schubert showed that a “ sub- 
stance” of 45 grams per square meter 
corresponds approximately to a thickness of 
4fibres. Не constructed curves, showing cer- 
tain relationships between the breaking lengths 
and stretches of different papers to the number 
of shakes per minute on the machine, from 
which some of the above-mentioned con- 
clusions are drawn. Schuberts work deserves 
to rank as a classic. 

Schubert's work affords proof that it is not 
correct to test a strip cut diagonally, with the 
idea of obtaining correct values for the mean 
breaking length and mean stretch. My work 
in this matter was conducted on lines quite dif- 
ferent from that of Schubert, and without any 
knowledge whatever of his work; and it is 
interesting to note that, as far as our work 
overlaps, the two sets of researches led us by 
independent paths to similar conclusions. 

Schubert proves that the ratio of breaking 
length in the “ machine” direction to that of 
the breaking length in “cross” direction, 
when divided by the ratio of the fibres in the 
two directions, gives an average constant 
of 1°666; the same with the percentage 
elongations. ‘These figures are averages 
of rather divergent components, and are 
of interest from a scientific standpoint only. 

We have not yet drawn 
attention to the fact that the 
small laid lines in paper are 
very well brought out in Ros- 
taing's Book-Plate 49. As this 
photo-micrograph shows fibres 
on the surface only, their direc- 
tion cannot be made out, except 
in the raised portion between 
the lines, and as these are 
surface fibres only, no opinion 
can be formed of the direction 
of the fibres in the body of 
the paper. 

As a high-class paper is only 
half made by the time it has 
passed over the drying cylinders, ze, 
at the stage of water-leaf, its physical 
qualities due to the various fibrous con- 
stituents are in a semi-latent state and 
only half-developed. It will therefore be 
necessary for us to consider carefully the 
next stage of treatment, zzz., the tub-sizing 
process, more particularly in the details 
which are likely to aflect those physical 


qualities of the papers we have had under 
consideration. Ordinary water-leaf, providing 
that it contains no *rosin-size," 15 more or 
less of the nature of blotting-paper. Ifa 
drop of ink is allowed to fall on its surface it 
immediately soaks into the body of the paper 
and makes its appearance on the other side. 
If wetted by pressing against the tongue, it 
immediately shows the mark right through ; 
where wetted it is rendered weak, so that 
the finger is easily poked through the wet 
mark. Such paper, for all ordinary purposes, 
requires to be sized, so that it will bear ink 
on its surface without allowing it to penetrate. 
Furthermore, water-leaf has a soft raggy 
*" feel," and 15 too weak when the least bit 
damp. It requires for many purposes to be 
hard and rigid, and to have a “rattle,” and 
to possess what is vulgarly known in the trade 
as "guts." ‘These qualities are given to the 
paper either by rosin-sizing or by impregna- 
tion with gelatine. The manner and the 
extent to which the gelatine affects the paper 
is dependent on several factors which we 
shall now briefly enumerate. 

In the crudest method of sizing hand-made 
paper, a bunch of dry water-leaf sheets are 
held, five to eight in number, between the 
finger and thumb by one corner, and dipped 
vertically into a gelatine solution (which 
should be kept constant in temperature) as in 
A., Fig. r. The sheets, after reversing to allow 
the top corner to be im- 
mersed, are hung over lines 
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in a loft to air-dry. "This process of sizing 
is commonly known as tub-sizing, and 
the process of drying is commonly known as 
loft-drying. ‘The same process can be per- 
formed in the web as in B, Fig. r. The 
paper is passed in a continuous web over a 
roller into a solution of gelatine contained in 
a vat, which should be steam-jacketed to 
maintain a constant temperature. On emerg- 
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ing from the vat the treated paper is squeezed 
between brass squeezing rolls, to remove any 
excess, which falls back into the vat. We 
shall speak of this method as surface-sizing 
(Fig. 1, A and B), because by passing the 
web of paper vertically downwards and 
quickly through the solution, or by dipping 
hand sheets in a similar position, the air in 
the interstices of the paper has no chance to 
escape and so permit the gelatine to enter 
the pores. The paper is therefore coated 
only, instead of being permeated, the gela- 
tine residing on the surface as in Fig. 2. 

The reason that tub-sized paper fre- 
quently contains the greater portion of the 
size at, or near the surface only, is not 
necessarily due to the size not having pene- 


trated in the first instance. Itis not infre- , 


quently due to the fact that, in the course of 
drying the tub- sized sheet at too elevated 

a temperature, the gelatine rises through the 
body of the paper to the surface, and forms 

a film. During such drying the gelatine is ab- 
stracted from the body of the paper and 
comes to either surface. 

In order to allow the gelatine to enter into 
the body of the paper, it is best to cause it to 
float on the surface for a short way before 
immersing it, until the top surface shows 
that the gelatine has permeated. This can 
be accomplished by hand, as in A, Fig. 3, and 
by machine in the continuous web, as in B. 
In the latter case a steam-jacketed vat is 
provided with sloping sides lined with 
copper or lead, to protect the sides from the 
corrosive action of the alum. The “ water- 
leaf” meets the surface of the gelatine at an 
angle, and is made to travel in contact with 
the liquid without wetting the upper surface, 
and for such a distance as to enable the size 
to pass through the body of the paper to the 
upper surface. The paper is then made to 
dip under the gelatine 
solution, and then passed 
through the squeezing 
rolls. It might appear 
difficult to wet the under 
surface without allowing 
the liquid to flow over the 
top surface, but in practice 


the sheets in bunches in the vat. The same 
process is imitated by clamping a large 
number of sheets together, and suspending 
them in clusters in a vat, which is filled with 
a hot solution of gelatine. The sheets are 
allowed to remain in the vats a sufficient 
length of time to allow the air to escape and 
the size to take its place in the pores of the 
paper. ‘The sheets are then removed and 


E 


FIG. 2.— TRANSVERSE SECTION OF '*SURFACE 


SIZED" PAPER, SHOWING GELATINE ON SURFACES. 


(Magnified 40 diameters.) 


passed through a pair of squeezing rolls, ог. 


stacked and pressed, then separated and 
hung up to loft-dry. 

In another process the sheets are taken a 
few at a time, and passed through a solution 
of gelatine contained in a large shallow vat. 
The sheets are drawn along between an upper 
and a lower felt ; the upper felt is perforated 
in order to allow the air to escape more 
readily, The machine is either actuated 
by a hand rack motion, by which the work- 
man brings forward a batch at a time; or the 
felts are made to travel slowly and at a 
uniform speed through the solution. The 
vat must be long enough (say 30 or 40 feet) 
to admit of a fair output of sized sheets, and 
at the same time to allow the sheets to remain 
immersed in the size solution 
sufficiently long fora proper pene- 
tration. There should be no air 


this is not adifficultmatter, кг, 3.—METHODS OF SIZING PAPER SO AS TO ENSURE THAT THE SIZE 


as the under surface be- 
comes wet, expands, and 
causes the edges of the paper to curl up, thus 
presenting a barrier to the flow of the solution 
over the top surface. 

There are, however, important modifica- 
tions of the above-mentioned methods. It is 
no longer the custom, in the best mills, to dip 


PENETRATES INTO THE INTERIOR OF TIIE SHEET. 


bubbles rising through the liquid close to 
where the sized sheets emerge and are 
discharged. The bunches of sheets are fed 
on to the felts, say eight in each batch, and 
from one to three abreast, according to the 
size of the sheets. 
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The felt carrying the water-leaf travels at a 
very slight incline, so as to allow the air to 
escape more easily. The solution is only 
just deep enough to ensure proper immersion 
as the sheets travel horizontally the whole 
length of the vat. The temperature of the 
solution is maintained either by steam- 
jacketing the bottom, or fitting it with a steam 
coil. "The latter, although perhaps cheaper, 
is much more difficult to cleanse. Various 
modifications of this plant are in use. 

Beyond the mode of treating the size, there 
are other and no less important factors which 
influence the quantity of size absorbed by the 
water-leaf. ‘The rate at which the web of 
paper passes through the vat is, of course, a 
determining factor. If a high speed is 
required, a longer vat must be used to give 
sufficient time for the immersion. As the 
rate of impregnation is dependent upon the 
viscosity of the solution, and this is again 
dependent upon the temperature, this last must 
be carefully controlled. The higher the 
temperature the lower the viscosity, and as a 
consequence the more rapid the rate of 
penetration. Then again, the percentage 
strength of the gelatine solution affects the 
viscosity ; the greater the percentage strength 
the greater the viscosity. А size of high 
strength, therefore, permeates more slowly than 
one of low strength. The amount of moisture 
contained in the water-leaf before it passes 
into the size solution will affect the rate of 
impregnation ; within limits, the moister the 
water-leaf the quicker the impregnation : 
thus a bone-dry water-leaf takes up the size 
solution less rapidly than one containing an 
appreciable amount of water. In order to 
ensure regularity in drying the water-leaf, 
it is generally advisable to bone-dry it, 2.е., 
to deprive it even of its natural moisture. 
If the water-leaf were brought down to, say, 7 
per cent. of moisture, there is a danger of the 
paper being moist in patches. The result of 
this would be to cause irregular soaking up 
of the gelatine, so that the paper would 
vary locally in the amount of gelatine it 
contained. This is liable to cause a blotchy 
appearance in the paper, both when looked a£ 
and when looked /Arough. Moreover, when 
the water-leaf is damp, the web, which 15 
extremely tender as it passes through the 
sizing trough, is liable to break and cause a 
lot of trouble, expense, and inconvenience. 
I have known the web broken in the trough 
by a rat plunging into the hot size and 
swimming from one side of the vat to the other. 
The least touch will cause a break. 

In spite of the comparative slowness of 


absorption of the bone-dry water-leaf, it is 
considered advisable to bone-dry it. before 
allowing it to pass through the sizing trough, 
for the reasons above mentioned. The 
presence or absence of soap, and the propor- 
tion of soap used, are determining factors. 
Soap is dissolved to a clear solution in hot 
water, and added to the hot size solution, be- 
fore or after the alum. ‘lhe soap must be of 
such a nature that when mixed with the 
gelatine, and subsequently with alum, no 
curdling or separation of the fat acids, or com- 
pounds of the fat acids and alumina, occurs. 
This can only be ensured by using soap of a 
particular character which forms a fine emul- 
sion evenly distributed throughout the mass. 
Soap tends to give a certain amount of opacity 
to the paper, but the extent of its effect in 
this direction 1s doubtful. It however gives 
desirable qualities to the finished paper; 
among them may be mentioned the lubrication 
of the fibres. Some papers have a disposition, 
when cut with the guillotine, to cause the 
knife to go through with a bang. Papers 
containing soap, preferably added in the chest, 
permit the knife to glide evenly through the 
stack of paper. It is also possible that a 
lower grade of gelatine can be used without 
prejudice to the colour of the paper : the soap 
being held in fine white emulsion, disguises the 
colour of the gelatine. 

We have so far considered only water-leaf 
which has not previously been sized with 
rosin. In consequence of the great expense 
of tub-sizing with gelatine, paper-makers use, 
as far as possible, the cheap forms of gelatine. 
This is very doubtful economy. Iam strongly 
of opinion that a deal more good might be 
done by the use of a high-class gelatine in 
small percentages, but imparted to the paper 
and dried in such a way as to produce its 
maximum effect. So far this subject has 
received little attention at the hands of paper- 
makers, who prefer to reduce their cost of 
production by using a low-grade gelatine or 
glue, or by the addition of rosin size in the 
chest, which renders the paper more or less 
ink-proof, and prevents it taking up so 
much gelatine solution when passing through 
the vat. Twenty years ago tub-sized papers 
contained no rosin size ; now, so far as my 
knowledge goes, the greater bulk of them do, 
although the best of them still do not. 

А web of paper sized as Fig. 1 would take 
up perhaps 3o percent. less weight of solution 
than if sized by the method shown in Fig. 3. 
The percentage of size taken up by the paper 
is also controlled by varying the percentage 
strength of the size solution—the most ob- 
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vious way‘ of controlling it — but as the 
amount of moisture taken up by the paper 
has to be dried out of it again, and as the cost 
of this is considerable, in consequence.of the 
drying being effected at a low temperature to 
preserve the sizing qualities of the gelatine, 
manufacturers generally prefer to control the 
percentage by varying the impregnation of the 
paper; andthis is frequently done by adopting 
one or other of the methods illustrated in 
Figs. 1 and 3, according to requirements, and 
varying the strength of the gelatine solution 
between 4 per cent. and 7 per cent. 

The amount of solution retained by the 
treated paper is dependent, of course, upon the 
amount of pressure on the squeezing rolls. 
To allow of the paper being properly handled 
afterwards, the pressure on the rolls must be 
sufficient to prevent the surface of the 
moistened paper being sticky, otherwise there 
is likely to be trouble in the subsequent 
drying operations. On the other hand, if too 
great a pressure is applied, especially with 
papers of a spongy nature, there is a liability 
of breaking up the microscopic films of 
gelatine, which fill the interstices between 
the fibres. When these disappear the paper 
is no longer ink-proof. ‘The pressure on the 
rolls can therefore only be varied within 
certain limits. The temperature must not 
be raised to a point likely to injure the 
gelatine solution, but it may with safety be 
varied between 85° and 130° Fahr. 

One of the most important means of 
control is by the addition of alum. Alum 
affects the viscosity of gelatine solutions in a 
very curious manner. If a hand-bowl con- 
taining a good-class gelatine solution, say 
five per cent., at a temperature of 95° Fahr., 
is stirred by the hand whilst a few drops of 
alum solution are added, a thickening effect 
will be noticed ; on further addition of alum 
this will reach a maximum: the solution may 
become almost a jelly. Оп further addition 
of alum it becomes liquid again, until it be- 
comes even less viscous than the original 
solution containing no alum. The size man 
controls the penetration of the size by the 
addition of alum. If he finds that he has 
overshot the mark with alum, he adds more 
size containing no alum, And thoroughly mixes 
the ingredients. If he wishes to increase 
the viscosity or “thickness” of the size in the 
trough, he adds more alum and thoroughly 
mixes, but he should never use so much alum 
as to anywhere nearly reach the maximum 
viscosity as indicated in Fig. 4. If he has 
overshot the maximum and got a thin size by 
the addition of too much alum, the size is 


said to be “killed,” as it is nothing like so 
effective as a size of the same strength with 
the proper amount of alum added to it; 
besides which, the addition of too much alum 
is extremely wastcful, and the excess of alum 
gives to the paper an acid reaction which is 
considered undesirable for many purposes. 
As the rate of penetration of size into paper 
is eeferis paribus inversely proportional to the 
thickness (7e viscosity) of the size solution, 
the dotted curve, Fig. 4, which is merely an 
inversion of the plain line curve, is made to 
represent the change of power in permeating 
water-leaf on addition of alum. 
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UNITS OF VISCOSITY AND PERMEATING POWER 
OF GELATINE SOLUTIONS 
A 


PARTS OF ADDED ALUM 


FIG. 4.—CURVES SHOWING THE VISCOSITY OF 


GELATINE SOLUTIONS, FOR VARIOUS PERCENTAGES 


OF ALUM ADDED, 


The curve drawn thus——— gives the viscosity, and that 
drawn thus- ——— the permeating capacity of the solution. 


The somewhat strange behaviour of size 
when mixed with alum, as exemplified by 
the above diagram, is capable of scientific 
explanation. Size and glue consist of two 
distinct yet similar compounds, known res- 
pectively as gelatine and chondrin, Chondrin 
is thrown out of solution by alum 
and several other compounds which do not 
precipitate gelatine. Size, glue, and com- 
mercial gelatine consist of mixtures of gelatine, 
chondrin, and the non-gelatinising substances 
produced by the long boiling and oftentimes 
over-heating of their solutions. 

If it is considered desirable to prevent the 
paper becoming body-sized, we have yet 
another means of doing so, and that is by 
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adding alum to the chest in sufficient quantity 
to give excess of alum to the dry waterleaf. 
This, when it comes in contact with the size 
solution, coagulates the gelatine in the surface, 
and the coagulated gelatine has no power of 
penetration. This can be controlled, of course, 
by the amount of alum added to the chest. 
This result can hardly be achieved without 
wasting a considerable amount of alum, unless 
the “ backwater” of the machine is saved and 
used over again to the best advantage. 

Some of the best mills in this country have 
for fifty or sixty years, or perhaps from the 
advent of the Fourdrinier machine up to a 
few years ago, combined the manufacture of 
paper with tub-sizing and drying the same 
as a continuous process. ‘There are obvious 
disadvantages in this. The rate of travel 
through the sizing trough has to be the same as 
that of the “ wet-end” of the paper machine. 
This may or may not suit the sizing. The 
paper comes away from the drying cylinders 
bone-dry and hot, and plunges at once 
into the size solution. Some advantage 
might be gained by reeling the paper after it 
is dry and allowing it to settle itself down and 
cool in the waterleaf, so as to allow it to get 
to its normal condition before the tub-sizing 
process ; but perhaps the greater disadvantage 
is found in the drying. The wet-sized 
paper contains about 5o per cent. of gelatine 
solution and 5o per cent. of air-dry paper if 
body-sized ; 1 surface-sized, from зо to до per 
cent. of gelatine solution and 60 to 70 per 
cent. of air-dry paper. As the gelatine solu- 
tion contains about 5 per cent. of air-dry 
gelatine, 95 per cent. of the solution 15 water 
which has to be removed by the drying process. 
Roughly speaking, as a maximum with body- 
sizing, for every ton of paper produced at the 
cutter one ton of moisture has to be evapor- 
ated. As this evaporation has to be conducted 
at a low temperature by means of dry air, the 
process is of necessity a slow опе; and where 
revolving skeleton drums are used, in order 
to keep pace with the output of the paper 
machine, provision has to be made to dry a 
length of from 4 to 3 of a mile in continuous 
web. If the paper is reeled, either before or 
after sizing, or both, the speed of sizing is 
independent of that of the paper machine; and 
if the machine is at times only producing 
soft size papers, 2.е., papers sized only with 
rosin, the sizing plant can work off any accu- 
mulated stock of unsized water-leaf. It is 
generally admitted that reeling, after sizing 
and before drying (г.е., immediately after 
passing the squeezing rolls), and allowing to 
remain in a damp condition, so as to permit 


the size solution to more thoroughly permeate 
the paper, gives a better result than if the 
sized paper 1s immediately dried after immer- 
sion, The best plan therefore is to reel the 
water-leaf, and to allow the reels to stand 
some hours or days ; then to unreel and pass 
through the sizing vat and to re-reel; and 
when the reels of damp sized paper have been 
standing a sufficient time, to unreel and pass 
over the drying plant. 

The skeleton drums previously referred to 
are provided, in their interior, with rapid 
rotating fans, which are speeded up in sections. 
‘These fans drive the air against the surface of 
the paper and so increase the rate of drying. 
The impinging of air on the surface of the 
paper would tend to keep the temperature of 
the paper below that of the surrounding air 
by reason of the rapid evaporation. This is 
a most desirable thing, as will be hereafter 
explained. But the paper is kept under a 
certain amount of tension by this treatment, 
and in a state of quiver by the rapidly rotating 
fans. ‘This, I am disposed to think, is unde- 
sirable, and likely to break up the microscopic 
films of gelatine in the interstices of the 
paper. It is possible to produce a hard- 
sized paper with a small percentage of gelatine 
by dipping the water-leaf (as in Fig. r1) and 
slow drying in loft, when the same amount of 
gelatine produces a poor result if the paper is 
dried over skeleton drums. ‘This fact would 
lead us to suspect that the fans have a bad 
influence. It is most desirable that the 
drying should be done naturally and slowly, 
without agitation, and above all things, at a 
low temperature. This is now, in a large 
measure, accomplished by a machine which 
takes the wet paper along in festoons by a slow 
gliding motion through a drying chamber, at 
such a speed that when it emerges at the other 
end it is air-dry. ‘This process admits of a 
natural shrinkage during the drying, and the 
paper remains quiescent, but it is far short of 
perfection. 

'The drying of tub-sized papers is perhaps 
one of the most difficult problems presented 
to the paper-maker. Gelatine has no sizing 
effect if dried over a steam cylinder. The 
heat liquefies the gelatine, and it dries merely 
as a coating to the fibres, the spaces between 
them being left vacant. The gelatine is not 
destroyed, but is without any effect; it merely 
coats the individual fibres and is quite dis- 
continuous. Although this is а well-known 
fact to all paper-makers, many of them think 
there is no harm in using a certain amount of 
artificial heat in the air used for drying. If 
we lived in a very dry climate, the air woul 
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have enough drying power at about 50° F. to 
dry the moisture out of the sized paper; but 
unfortunately, if one takes the records of the 
Meteorological Office, the average percentage 
saturation, in many of our manufacturing dis- 
tricts, is found to reach 80 per cent., and 
frequently borders on тоо per cent. It is 
impossible, therefore, to obtain drying power 
out of the air at ordinary temperatures, unless 
we give to it a certain amount of artificial heat, 
and this is generally what is done. The 
golden rule should be :— Dry the sized web at 
a temperature below the setting point of the 
jelly. The wet size in the paper should get 
to a jelly before the drying operation, so.that 
instead of drying water out of a gelatine solu- 
tion, we are really drying water out of a 
solidified jelly contained in the interstices of 
the paper. So long as the temperature of 
the air is above that of freezing point, and 
there is sufficient drying power in the air, 
drying can be conducted properly ; but when 
once the warmth of the air liquefies the jelly 
the sizing becomes defective. 

If a good class of gelatine is used, a 
smaller percentage of it remains as a jelly at 
any given temperature up to 60° F. than 
with a low-class gelatine, and the sizing 
effect with the more expensive gelatine’ far 
outweighs the additional cost. In other 
words, we can obtain a firm jelly at a cheaper 
rate by the use of a more expensive gelatine. 
It follows, therefore, that at the temperature at 
which tub-sized papers are now dried, a 
greater amount of gelatine is used than would 
be necessary if a lower temperature were 
maintained. Whensome cheap process is forth- 


coming for the drying of air at a low tem- 
perature, it will greatly aid the manufacturers 
of tub-sized papers. 

Tub-sized paper is often improved by 
sprinkling it with water after drying, stacking 
it, and again drying it; but care must be 
taken to prevent the development of liquefying 
bacteria and moulds, which destroy the sizing 
quatities of the gelatine. Such a process сап. 
only be of advantage where the drying has 
been badly done in the first instance. 

Cotton, linen, hemp, jute, wood, all behave 
differently with size solutions, and require 
different quantities of gelatine. The manner 
in which these fibres are beaten and felted 
together also has a material effect upon the 
sizing qualities. This is a subject outside 
the question which we are now discussing, and 
one on which much has been written. 

Finally, calendering, plate-glazing, rolling, 
etc., affect the sizing qualities. А paper 
which has been highly glazed under pressure 
between copper or zinc plates is often reduced 
in its ink-bearing qualities. It is easier, 
therefore, to produce a hard-sized paper with 
a rough surface than one which has been 
highly glazed. We have previously men- 
tioned that tension on the finished paper 
destroys the ink-bearing qualities by breaking 
up the films of gelatine; pressure has the 
same effect. When single sheets are loft dried 
they are more or less rough, and show a mark 
which is removed by subsequent pressing ; 
but the system of drying over skeleton drums, 
whatever else its effect may be, produces a 
paper perfectly smooth and free from cockles, 
without any pressing or glazing. 


(Zo be continued.) 


HOW TO COLLECT SPILLED MERCURY. 


MERCURY spilled on a table or floor is somewhat hard to collect, unless special 
precautions are taken, owing to its tendency to divide into small globules which 


rol away at the slightest touch. 


If a wet ring is made round the spilled 


mercury, by the aid of a wash bottle or other similar means, it will be found 

that the globules of mercury cannot readily cross this ring ; the mercury can then 

be readily collected in a small shovel made from a piece of thin card, or even 
in an ordinary envelope. 


THE METALLOGRAPHY OF STEEL. 
By PERCY LONGMUIR, of the National Physical Laboratory. 


II. 


WO further illustrations of the 

structures of hardened steel 

are given in Figs. 13 and 14, 

the former representing a 

table knife blade and the 

latter a razor. А table- 

knife, although essentially a 

hardened steel, has to some extent had its 
hardness modified by the process of tempering, 
as illustrated in the springing properties of 
the blade. Razors, on the other hand, are 
extremely hard, possessing no ductility, but 
carrying a very keen cutting edge. These 
two articles represent the extremes found in 
cutting tools of this description ; razors and 
kindred surgical instruments, whilst brittle, 
possess a keen cutting edge, and the keen- 
ness diminishes as the ductility increases, until 
the lessened cutting power of the table-knife is 
reached. As compared with Figs. 11 and 12 of 


Fic. 13. 
PHOTO-MICROGRAPH OF TABLE-KNIFE BLADE. 


Magnified 1,000 diameters. 


the preceding article, the structures shown in 
Figs. 13 and 14 present no noteworthy 
differences. Both apparently contain two 
constituents ; the distribution of the white 
constituent in Fig. r4 is, however, slightly 
different from that of Fig. 13. 

All users of hardened tools* know how 


* Applicable to ordinary carbon steels, not special 
alloys of the ** high-speed " type, 


readily they *let down" or lose their cutting 
edge if heated ; thus, in practice, if a tool is 
likely to heat, precautions are taken to cool 
the “nose” or cutting surface. If moderate 
heat generated by friction results in a loss of 
cutting capacity, this loss should mark the 
beginning of a structural change from the 
hard to the soft condition. 

This decomposition marks the tempering 
process, and in arresting it at the desired 
point lies the success of the operation. In 
considering the influence of moderate heat 
on the foregoing structures it must be 
remembered that two of them, the saw blade 
and table-knife, represent tempered steels, 
the former, however, having received only a 
moderate amount of tempering. The saw 
blade, after heating to a dark blue heat, 
presents the structure shown in Fig. 15, 
which on comparison with Fig. 12 will show 
that the heating has permitted some internal 


FIG. 14. 
PHOTO-MICROGRAPH OF RAZOR BLADE. 


Magnified 1,000 diametrs. 


change, for the white areas are now more 
pronounced and show a tendency to gather 
together. The file (Fig. rr), similarly 
treated presents a structural rearrangement, 
as shown in Fig. 16, where the collection of 
white areas will be chiefly noted. The hard 
razor (Fig. 14), after heating to a blue heat, 
presents a structure as depicted in Fig. 17. 
The term * blue heat" in these experiments 
represents the colour observed on the polished 
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surface; immediately on reaching it the 
samples were withdrawn from the source of 
heat and cooled in air, the cooling therefore 
occurring with fair rapidity. 

A hardened steel, if heated to a full red 
heat and slowly cooled, regains its original 
softness. Thus Fig. 18 represents Fig. 14 
after such treatment. It will be noted that 
the structural change commencing at a low 
temperature is entirely completed at a higher 
one, the structure now consisting of the 
familiar pearlite and cementite. Comment 
on these hardened and tempered structures 
is for the moment reserved. For the present, 
however, the two following facts may be 
noted :— 


1. Four entirely different hardened steels - 


all present at high magnifications indefinite 
structures consisting of black and white 
constituents differing only slightly from 
each other. 

2. That hardened steels are extremely 
sensitive to heat, a comparatively low tem- 
perature marking the beginning of a structural 
change which is completed at a higher one, 
when the steel returns to its normal soft 
condition. 


III. 


The Literature of Hardened | Steel, —Yhe 
raison d'étre of the hardening of steel by 
quenching is a matter of controversy, a fact 
readily appreciated when the comparative 
youth of metallography is considered. Con- 
troversy may serve a useful purpose by 
clearing the ground of much lumber, but 


Fic. t5. 
PHOTO-MICROGRAPH OF TEMPERED SAW BLADE. 


Magnified 1,000 diameters. 
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Fic. 16. 
PHOTO-MICROGRAPH OF TEMPERED FILE. 


Magnified 1,000 diameters. 


unfortunately during the heat of battle the 
student suffers. Not only so, but the progress 
of the science is retarded, and its practical 
application delayed. For instance, the 
practical steel hardener of to-day, with his 
traditional empiricism, is actually in advance 
of the scientist. Constant experience in 
hardening and tempering develops in the 
individual a skill which enables him to turn 
with facility from one steel to another, and to 
produce regularly successful results. Any 
examination of hardening and tempering 
conditions usual in practice shows that the 
essential features for the production of a 
certain degree of hardness or “ temper” are 
realised. The underlying reasons may not 
be known, but the methods followed, although 
empirical, achieve the desired end. 

A careful study of much of the literature 
on the hardening of steel reveals, not the 
extent, but rather the lamentable lack of 
knowledge. A vast amount of research 
has been devoted to the subject, and a certain 
amount of information gained. This gain 
emphasises the urgent need for further and 
wider work, conducted under better experi- 
mental conditions than have prevailed in 
much of the past research. 

In discussing the salient features of this 
literature, some digression is necessary. If 
steel be regardedas an alloy of iron and carbon, 
the carbon being in combination with some 
of the iron, then the alloy will structurally 
consist of two primary constituents, Vis., 
ferrite and cementite, and a mixture of thesc 
two will give a secondary product-- pearlite. 

F 
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Fic. 17. 
PHOTO-MICROGRAPH OF TEMPERED RAzor BLADE. 


Magnified 1,coo diameters. 


Now M. Osmond recognises the following as 
primary constituents :— ferrite, cementite, 
pearlite, sorbite, martensite, troostite and 
austenite. Of these the first three are 
familiar, whilst the fourth— sorbite—has, to 
some extent, been noted, and its near ap- 
proach to pearlite indicated. The last three 
are peculiar to hardened steels. Martensite 
gives the appearance of a system of interlacing 
fibres, frequently arranged so as to form 
triangles. It may be produced by quenching 
steels of varying carbon content (0°3 to 1°3 
per cent.) from temperatures exceeding the 
recalescence point or above 780°C. ‘Troostite 
is obtained by quenching stcels in the middle 
of their transformation, or at a temperature 
in the vicinity of 7oo°C. А less energetic 
quenching than is required in the case of 
martensite results in troostite ; or, if the former 
be tempered, the latter is obtained. Troostite 
occurs as a dark border surrounding marten- 
site. Austenite represents a constituent softer 
and less magnetic than martensite, with which 
it is often associated. ‘The necessary con- 
ditions for its production are a carbon content 
in the steel of 1°5 per cent., a quenching 
temperature of r100°C., anda quenching bath 
ato C. Ап etching medium of то per cent. 
hydrochloric acid colours martensite, but not 
austenite, the latter remaining white. The 
following quotation is germane to this present 
survey. 

* « То obtain austenite, the temperature of 
the steel must be above тооо°С., and the 


* “Microscopic Analysis of Metals” (Osmond and 
Stead), pages 98, 99. 


temperature of the quenching bath a little 
below or just at o°C., and the proportion of 
carbon must exceed 1°1 per cent. With 
carbon steels I have never obtained pure 
austenite, but mixtures with martensite or 
hardenite. The amount of austenite increases 
with the amount of carbon from 1*1 per cent. 
where there is none, to about 1'6 or 1:8 
per cent. where there may be 70 per cent. 
Beyond that, no matter what is done, it pro- 
duces a separation of cementite, so that the 
proportion of dissolved carbon is diminished, 
and consequently the proportion of austenite 
no longer increases." 

By way of comparison, the following quota- 
tions are given from Professor Howe's work, 
“ Iron, Steel and Other Alloys "* :— 

* Austenite, the characteristic and chief 
constituent of suddenly cooled (2.е., hardened) 
steel, is a hard brittle mass with a needle-like 
structure, and is a solid solution of carbon 
in iron, the proportion of carbon varying 
from nothing up to about 2 per cent." 

* Martensite, troostite, and sorbite are 
transition forms between austenite on the one 
hand, and ferrite апа cementite on the other, 
probabiy containing all three of these sub- 
stances, but in varying proportion." 

The two quotations relating to austenite 
indicate to some extent the confused condition 
of metallography. If, however, an attempt is 
made to classify the subject, something like 
the following will be obtained. 


Fic. 18. 
PHOTO-MICROGRAPH OF ANNEALED RAZOR BLADE. 


Magnified 1,000 diameters. 


* Page 179. | 
+ Professor Howe recognises the species austenite— 
variety martensite. 


PESE IX. ux 


The Metallography of Steel 35 


Martensite consists of a solid solution of 
carbon in iron, its hardness increasing with 
the content of carbon ; in other words, from 
the hardness of soft iron to that of the hardest 
steel. Martensite is a constituent of hardened 
steels, and pearlite of annealed steels, and 
between these two limits there are inter- 
mediary ones, amongst which may be noted 
sorbite and troostite. If the quenching 
has not been quickly effected, part of the 
martensite is transformed into troostite, whilst 
a slower but still fairly rapid cooling gives 
sorbite. "That is to say, troostite marks the 
beginning, sorbite a further stage, and pearlite 
the last one in the decomposition of martensite. 
It is admitted by all metallographists that 
the distinguishing traits between pearlite and 
sorbite are less clear than those between 
troostite and martensite; yet even troostite 
possesses a somewhat indefinite character. 
Austenite is only met with in steels of high 
carbon content when quenched in ice-cold 
water, and is always necessarily associated 
with martensite. 

In concluding this section, there remain 
yet to be noticed the views advanced by 
the Carbonists. In 1895, Professor Arnold 
published his discovery of the * saturation 
point," and showed that an annealed steel 
containing o*89 per cent. carbon structurally 
consisted of pearlite. He also showed that a 
saturated steel, on hardening structurally, con- 
sisted of one constituent formed by the union 
of the ferrite and cementite of the pearlite, 
and corresponding to the formula Fe,,C. A 
steel containing 0°38 рег cent. carbon, after 
hardening presented a structure containing 
two constituents, ferrite and hardenite, or 
Ее, С. А hardened high carbon steel (1° 47 
per cent.) showed a structure the matrix of 
which corresponded to the structure of the 
saturated (^89 per cent. C.) steel, but was 
interspersed with fine meshes and strie of 
cementite. In 1902, Messrs. Arnold and 
McWilliam published an examination of the 
microstructure of hardened steel,* from which 
the following summary is extracted :— 

*'The clear and definite constituents of 
hardened steel consist of (a) hardenite, Fe,,C, 
of which the whole consists only in the case 
of o°89 per cent. carbon steel; (4) ferrite, 
which segregates more or less in unsaturated 
carbon steels, in spite of the rapid action of 
quenching ; (c) cementite, which segregates 
more or less in supersaturated steels, in spite 


of the rapid action of quenching. The 
* Journal of the Iron and Steel Institute. No. 1, 


1902. 


FiG. 19. 
“WATER CRACK," OBTAINED BY QUENCHING 
FROM TOO HIGH A TEMPERATURE. 


Magnified 1,000 diameters. 


indefinite portions of hardened steels consist 
in unsaturated carbon steels of hardenite con- 
taining more or less unsegregated ferrite, or 
in supersaturated steels of hardenite containing 
more or less unsegregated cementite. 

* Martensite is not a constituent, but a 
crystalline structure developed at high tem- 
peratures. It is marked in saturated carbon 
steels by preferential etching lines, in un- 
saturated carbon steels by strize of ferrite, and 
in supersaturated carbon steels by striz of 
cementite." 


IV. 


Practical Considerations. —2A. consideration 
of Section III. must necessarily be accom- 
panied by an examination of at any rate two 
practical features which are found respectively 
in the content of carbon and the quenching 
temperatures. Taking the carbon content 
first, in practice an infinity of hardened tools 
are made, and to secure the necessary varia- 
tions of hardness the carbons of the steels 
are varied from about o'5 to r'5 per cent. 
It must be remembered that carbon is varied 
in addition to the subsequent tempering given 
to modify the hardness induced by quenching. 
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The following table shows how the carbons 
are varied to suit special requirements. 


Purpose for which the Steel in 
the form of a Hardened or Tempered 
Tool is Suitable. 


Content of 
Carbon in Steel. 


' $0 | Springs. 


о 

о`бо Stamping dies. 

0'65 Clock springs. 

0'75 (Hammers, shear blades, axes for 


wood, mint dies. 


GR dd punches, screwing dies, 
cold setts. 

0°90 Edge tools, slate saws. 
0°95 Circular saws, pens. 
1'00 Cold chisels, cross-cut saws. 
I'IO Drills, large files, hand saws. 

p i Granite and marble saws, mill 
I'20 ` 

| chisels. 


Р | Harder drills, cutters, spindles, 
1°30 ; | . 

| turning tools, and medium files. 
1°40 Saw files. 
(Turning tools for chilled cast-iron 
(| razors and surgical instruments. 


From this table it will be noted that the 
highest content of carbon is found at 1*5 per 
cent., and in practice this content is seldom 
exceeded. It will further be noted that 
between 1°2 and 1°5 per cent. carbon, only 
the hardest of tools are found, whilst the 
comparatively large class designated as 
* edge tools " contain o'9 per cent. carbon. 

Turning to the second feature, it is found 
in practice that, for very good reasons, 
quenching temperatures do not exceed 
1000 C. Ordinary carbon steels, if quenched 
in cold water, from this excessive temperature 
develop cracks, technically termed “ water- 
cracks." Such a crack is shown in Fig. 19, 
and was obtained by quenching a piece of 
1'2 per cent. carbon steel from a temperature 
of 1000°C. in water at 13°C. 

Naturally, hardening temperatures vary 
somewhat with the carbon content of the 
steel and particular conditions, but as a 
general average a temperature of 850° may 
ре given. The liquids employed for quench- 
ing vary; as a general rule, however, their 
temperatures do not fall so low as o°C. 

A comparison of these features with some 
of the statements outlined in Section III. is 
not without interest. At present this com- 
parison is restricted to the following notes. 
Professor Howe described austenite as “the 
characteristic and chief constituent of hardened 
steel"; but the preceding quotation from 
M. Osmond shows that the essential conditions 
for producing this constituent are high carbon 
in the steel, a quenching temperature of at 
least 1000°C., and an ice-cold quenching bath. 
It has already been shown that :—(r) only 
in the hardest steels does the content of 


carbon exceed 1'2 per cent. ; (2) in no case 
does the quenching temperature exceed or 
approach 1000^C.; (3) the temperature of 
the quenching baths is above o^C. Evidently 
then the requisite conditions for the production 
of austenite do not prevail in practice, for 
even in the comparatively few cases where 
the carbon is sufficiently high, the quenching 
temperature is always too low. Sorbite, as 
already shown, represents pearlite in a fine 
state of division ; there yet remain martensite, 
troostite, and hardenite for consideration. 
Reference to the structures of hardened steels 
already figured will show that, generally 
speaking, they consist of a dark matrix 
interspersed by more or less irregularly-shaped 
white areas and patches. ^ Under certain 
conditions the structure shown in Fig. 14 
could be described as martensite (dark) and 
austenite (white), but—and herein lies an 
important point—the conditions under which 
the structure was produced preclude the 
formation of austenite if that of martensite be 
accepted. ‘The nearest approach to marten- 
site is shown in Fig. 13, but the black lines 
are not sufficiently ncedlelike or rectilineal 
to coincide exactly, a remark also applicable 
to Fig. 11, whilst Fig. 12 is decidedly not 
martensitic. Troostite, it will be remembered, 
is a product developed by comparatively low 
quenching temperatures, or resulting from the 
decomposition of martensite by tempering. 
The tempered structures already given have 
shown that moderate heat marks the beginning 
of the segregation of a white constituent, as 
illustrated in comparisons of Figs. 15 and 13, 
and Figs. 16 and т. ‘The tempered razor 
certainly shows large quantities of a black 
substance which, however, does not appear 
to be troostite. 

The white constituent of Fig. 14 isrelatively 
harder than the black one— further proof 
that it does not correspond to austenite, for 
austenite is softer than martensite.* It does, 
however, correspond to cementite, both by 
hardness tests and etching characteristics. 
As this structure has been produced by 
quenching at a temperature below 1000°C.,, it 
should, according to the views enunciated on 
martensite, consist entirely of this constituent. 
The photograph given is perfectly typical of 
the whole structure, and it consists of two 
entirely distinct constituents, one of them 
cementite. Similarly, all the hardened struc- 
tures given show two constituents. ‘Taking 
as a further example Fig. 13, the white areas 


* ** Microscopic Analysis of Metals " (Osmond and 
Stead), page 170. 
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of this structure are distinctly softer than the 
dark ones, and they correspond in all respects 
to ferrite, two features which recall the 
quotations given from Messrs. Arnold and 
MacWilliam's research. 

The writer has examined many different 
samples of commercial hardened steels in 
order to check the accuracy or otherwise of 
this statement: an examination which has 
shown that hardened steels contain two con- 
stituents, one of them decreasing with a 
progressive increase of carbon until “ edge- 
tool temper” is reached, a point marking an 
almost homogeneous structure. In other 
words, as in annealed steels so in hardened 
ones, free ferrite decreases with an ascending 
carbon, with this exception—that the pearlite 
of the annealed steels is replaced by the dark 
structureless constituent in the hardened 
steels. This dark constituent assumes a form 
characteristic of the rapidity of quenching, 
and, in certain cases, as in slow quenching or 
subsequent tempering, may contain minute 
particles of free ferrite. On the other hand, 
drills, large files, and similar tools which corres- 
pond to Arnold's supersaturated steels, all con- 
tain cementite. Speaking entirely from the 
point of view of commercial hardened steels, 
there is every reason to suppose that the white 
constituent of an unsaturated carbon steel 15 
ferrite, that of a supersaturated, one cementite. 

Is the black constituent martensite or 
hardenite? Practically, а mere term is im- 


material, and the user of a drill, knife, or razor 
cares not a whit what particular * ite" the 
properties of his implement are due to: his 
natural demand is found in the existence of 
the properties. But when considered in its 
true sense, that of exactness, terminology 
then assumes some importance, and naturally 
we expect an exact term to denote exact 
properties. Now martensite, as a constituent, 
is described as of varying hardness, according 
to its content of carbon, a variation which 
evidently precludes the possession of exact 
properties. 

Further, martensite contains from nothing 
up to 2 per cent. carbon, and is produced by 
quenching from a full red heat; therefore, 
a piece. of iron containing 0°08 per cent. 
carbon so quenched ought to consist of dilute 
martensite. Reference to Fig. 8 of the first 
article shows the structure of quenched 
Swedish iron, and it will be noted that no 
approach to martensite is shown. 

On the other hand, hardenite indicating a 
compound F,,C represents an exact sub- 
stance and, viewed in this light, the increase 
in hardness of quenched steels, always ob- 
served with an increase of carbon, is naturally 
due to the formation of larger quantities of 
the compound, and consequently diminishing 
amount of the ductile ferrite. Further increase 
in hardness with similar increase of carbon is 
evidenced in the distribution through the 
hardenite of the hard and brittle cementite. 


A NEW PROPERTY OF THE MERCURY VAPOUR LAMP. 


giving light. 


Fic, 1. 

of great value in telephone work, where a thoroughly efficient repeating arrangement is wanted. 

At the present time, an explanation of this peculiar effect does not appear to be forth- 
coming, but that the discovery is of importance, physically, if not commercially, is obvious. 


his name is capable of yet another function than that of 


ROM a recent patent specification. of Mr. Hewitt, it would 

appear that the mercury vapour lamp or tube associated with 

| The inventor has discovered that the resistance 
а 


of his lamp is appreciably affected by the 
presence of a magnet, so placed that its flux 
passes through the tube and the vapour it 
contains. He arranges the apparatus in the 
manner indicated in Fig. т. On the right- 
hand side is the transmitting circuit, consisting 
of a battery, a transmitter or apparatus for 
varying the resistance in circuit, and an 


electro-magnet placed adjacent to or surrounding the vapour tube. 

The receiving circuit, as shown, consists of the tube, a suitable source 
of current, and a receiving device, all in series. 
tions caused by varying the resistance of the transmitter result in like 
fluctuations in the resistance of the tube, and therefore the current 
passing through the receiver. 

It is conceivable that this device in a modified form might prove 


The magnetic fluctua- 
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THE ELECTRO-MAGNETIC THEORY. 
Explained without the Use of the Higher Mathematics. 


Part IV.— THE ELECTRIC CIRCUIT. 


By EDWIN EDSER, A.R.C.Sc. 


The Magnetic Field of a Current. 


HEN the terminals of a Daniell 
cell are connected by a wire, 
the following important 
changes occur: Within the 
cell, the zinc dissolves, 
hberating a certain amount 
of energy; at the same time 

copper is removed from the solution of cop- 
per sulphate, and deposited on the electrode 
immersed in this solution, thus absorbing a 
certain amount of energy: the energy 
liberated by the solution of the zinc is, how- 
ever, in excess of that absorbed by the 
deposition of copper, so that there is a net 
liberation of energy. Heat is produced in 
the electric circuit comprising the connecting 
wire and the liquid cont nts of the cell, thus 
disposing of the net 


amount of energy И ЕР 
liberated by the 4/7 “ТТ „= 
chemical reaction 4 Gf, ' e ! 
within the cel. In «^ .' ~ d 
the neighbourhood of " VM 


the connecting wire 
a magnetic field is pro- 
duced ; if we imagine 
the copper electrode 
to the cell to be con- 
nected to the upper, 
and the zinc electrode 
to the lower end of a vertical wire, then the 
magnetic field consists of circular lines of 
force concentric with the wire, their direction 
being right-handed or clockwise (Fig. т, а) 
when viewed from above. To account for 
the production of the magnetic field and the 
generation of heat in the wire, we say that an 
electric current flows through the wire. The 
direction of the current in the wire is defined 
arbitrarily as that from the copper to the zinc 
electrode of the cell: the copper electrode 
is said to be positive, and the zinc electrode 
negative. The connection between the 
direction of the current and that of the asso- 
ciated lines of force may most effectively be 
expressed as follows : Imagine a right-handed 
screw, fitting in a stationary nut, to be placed 
along the line forming the axis of the con- 
ducting wire; then the direction of the lines 
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Fic, 1.— TO ILLUSTRATE THE MANNER IN WHICH 
THE LiNES OF FORCE DUE TO A CURRENT 
LINK THEMSELVES ON TO THE LINES 

DUE TO AN INDEPENDENT FIELD. to 
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of force is that in which the screw must be 
turned, in order to make it move through the 
nut in the direction of the current. 

If a conductor carrying a current is placed 
in an independent magnetic field, both the 
lines of force due to the current and those 
due to the independent field are modified. 
The small circle in Fig. 1, 4, represents the 
section of a conductor carrying a current 
vertically downwards through the plane of the 
paper: the small cross within the circle re- 
presents the feathered end of an arrow travel- 
ling away from the observer, ze, in the 
direction of the current. Let us suppose 
that, in the absence of the current, the in- 
dependent field would consist of parallel 
lines of force extending from left to right in 
the plane of the paper; a line of force due 
to the current, which 
would be circular and 


eo LS mae 


prs concentric with the 
‚ ©, section of the con- 
DPA ductor in the absence 
JE of the independent 
ee pus 2 З... Веја, is shown between 


two lines of force due 
to the latter. On one 
side of the conductor 
the line of force due 
the current has 

the same direction as 
the neighbouring line of force due to the 
independent field, with the result that each 


repels the other; on the opposite side 


of the conductor the lines of force due 
to the current and the independent field have 


` opposite directions, with the result that they 


attract each other. If we now suppose that 
an increase in the current causes the line of 
force associated with it to expand, it will 
touch the line of force due to the independent 
field where the two have opposite directions; 
in this case the two lines of force coalesce, 
in the manner previously described,* and 
form a single line of force bent round the 
conductor (Fig. т, с). The reader who has 
followed this reasoning will find no difficulty 
in accounting for the shapes of the lines of 


* TECHNICS, No. 10, October, 1904, p. 367. 
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Fic. 2.—LiNES OF FORCE DUE TO A RECTILINEAR CURRENT 
FLOWING PERPENDICULAR TO A UNIFORM FIELD. 


force in Fig. 2, which represents the complete 
field due to a current flowing downwards 
through the plane of the paper, combined 
with a uniform field which, in the absence of 
the current, would consist of parallel straight 
lines extending from left to right. 

An attentive study of Fig. 2 will show the 
direction. of the force which acts on the 
conductor carrying the current. Each line 
of force bent round the conductor tends to 
contract, and so straighten out, but is pre- 
vented from doing so by the lateral repulsion 
between it and the lines of force which form 
closed curves round the conductor; conse- 
quently the conductor is acted on by a force 
in the direction of the arrow. [It will be 
found that the above reasoning gives us the 
simplest and most easily remembered rule 
for finding the direction of the force acting 
on a conductor carrying a current at right 
angles to the lines of force of an independent 
field ; the force acts from the side of the con- 
ductor on which the two fields reinforce each 
other, toward the opposite side where the fields 
oppose each other. The force is always per- 
pendicular to the conductor and to the com- 
ponent of the independent field at right 
angles to the conductor. If the independent 
field has a component parallel to the con- 
ductor, this component can neither reinforce 
nor oppose the field due to the current, and 
therefore produces no force on the conductor. 

Lines of force similar to those represented 
in Fig. 2 can be mapped out experimentally 
by the aid of a charm compass, if a current 
of from four to six amperes is led along a 
vertical wire passing through a horizontal 


downwards through the plane of the 
paper. It will be observed that each 
line of force forms a closed curve ; 
the lines of force near either conductor are 
nearly circular, but become distorted as their 
distance from the current producing them in- 
creases. Between the two conductors the lines 
dueto the twocurrents haveopposite directions, 
and the consequent attraction pulls these 
parts of the lines toward each other. When 
two lines touch, they join, and form a single 
loop surrounding both conductors; the 
tension of these lines tends to pull the 
conductors toward each other, so that we 
conclude that Zere is an apparent attraction 
between parallel conductors carrying currents 
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Fic. 3.—LINES OF Forck DUE TO Two PARALLEL 


RECTILINEAR CURRENTS FLOWING IN THE 
SAME DIRECTION, 
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Fic. 4.—LiNES OF FORCE DUE TO Two PARALLEL RECTILINEAR CURRENTS FLOWING 
IN OPPOSITE DIRECTIONS. 


in the same direction—a conclusion which is 
borne out by experiment. 

Fig. 4 represents the lines of force due to 
two equal currents flowing along straight 
parallel conductors in opposite directions. 
The direction of the current which flows 
downwards through the plane of the paper 
is indicated by a small cross drawn within 
the section of the conductor : the direction 
of the current, which flows upward through 
the plane of the paper, is indicated by a 
small spot in the middle of the section of 
the conductor; this spot represents the 
pointed end of an arrow directed toward the 
observer. Between the conductors the lines 
of force due to both currents have the same 
direction, so that they repel each other, and 
never coalesce, as in Fig. 3; hence it is 
obvious that ¢here is an apparent repulsion 
between parallel. conductors carrying currents 
in opposite directions. 


Measurement of the Electric Current. 


The magnitude of an electric current is 
measured in terms of the magnetic field 
(force per unit N pole) which it produces. 
It is simplest to measure a current in terms 
of the field which it produces at the centre 
of a circle into which the wire carrying the 
current is bent; in this case all parts of 
the wire are at the same distance from the 
point at which the field is measured. It 
will be assumed that the magnetic field at a 
point can be accurately determined ; the way 
in which this is accomplished, by observing 


the deflection of a magnet needle, is de- 
scribed in most text-books when dealing 
with the tangent galvanometer. 

Let an electric current flow through a 
number of circular coils of wire, the radii of 
all coils being equal, while different numbers of 
turns of wire are comprised in different coils ; 
then it is found that the field at the centre 
of any coil is proportional to the number of 
its turns, provided the turns lie very close 
together, so as to be approximately at a 
uniform distance from the point at which 
the field is measured. Hence we conclude 
that, with a given current flowing through a 
conductor all elements of which are at a 
uniform distance from a given point, the 
field at this point is proportional to the 
length of the conductor. 

If we take a number of egual lengths of 
wire, and wind these into coils of one, two, 
three, etc., turns, then if the same current 
flows through all of the coils, it is found that 
the field at the centre of any coil is inversely 
proportional to the square of the radius of 
the coil. Hence we conclude that with a 
given current, the field at the centre of a 
coil—all turns of which lie very close together 
—will vary directly as the length Z of the 
wire composing the coil, and inversely as 
the square of the common radius 7 of the 
turns ; or 


Field « ^ 
7 


The field at the centre of a given coil of 
wire can be varied by inserting different 
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numbers of cells in the circuit, or by varying 
the lengths, sectional areas, etc., of the con- 
ductors in the circuit ; hence we define the 
magnitude C of the electric current as being 
proportional to the field it can produce at the 
centre of a given coil, so that 

Field œ ©! 


r? 


We can now choose the unit of current so . 


as to satisfy the equation— 
Field at centre of coil 
Cl 
r 
If unit current (C = 1) flows along a conduc- 
tor bent into a circle of one centimeter radius, 
then /= 27x І; the field f 
at the centre of the circle will 
be given by the equation 


dynes per unit pole 


= 2 т dynes per unit pole. 


Thus we have scttled on 
the method to be used in the 
measurement of an electric 
current, and have defined 
the unit of current in terms 
of the primary units, the 
centimeter, second, and gram 
(c.g.s.), ог units directly 
derived from these primary ] 
units, The practical unit of — «' 4% 
current, the ampere, 15 one- 


Since a force F is exerted on the magnet pole, 
an equal force, acting in an opposite direction, 
must be exerted on the turn of wire; the 
way in which this force is produced by the 
distortion of the lines of force due to the 
pole is plainly indicated in Fig. 5. Hence 
equation (2) gives the force acting on the 
circular turn of wire. But (»/7?) is equal to 
the field, in dynes per unit pole or in lines 
per square centimeter,* at a distance 7 from 
a pole of strength m—zi.e., the field in the 
neighbourhood of the wire. If this field is 
equal to B lines of force per square centi- 
meter, then 
F = C/B dynes za x 
Equation (3) is true for any current C (in 
c.g.s. units) flowing along a 
conductor of / centimeters 
length, at right angles to a 
field of B lines per square 
centimeter. If the field B, 
instead of being perpendicular 
to the conductor, makes an 
angle 6 with the perpendicular 
to the conductor, then the 
component of the field at 
right angles to the conductor 
is equal to B cos 0; and as 
this component is alone effec- 
tive in producing a force on 
the conductor (p. 39), the 
value F of this force is 
given by 


T Ld тА { 
I P NS i F-2CZ/Bcos0 .. . (4). 
2 Б 
{ 


tenth of the c.g.s. unit defined 4 Pas 
above. Fr / FN CF The results obtained above 
d / : à ffic lain the acti 
ж "T | \ sufhce to explain the action 
id КА е, а ee p Т Н t of an electric motor. Having 
urrent in Magnelte Piela. Y ay given the direction of the field 
N 


We are now in a position to 
determine the numerical value 
of the force acting on a conduc- 
tor carrying a known current 
in a direction perpendicular 


Fic. gS.—To EXPLAIN THE NU- 

MERICAL VALUE OF THE FORCE 

ON А CURRENT FLOWING PER- 

PENDICULAR TO А MAGNETIC 
FIELD. 


in the air gap, and the direction 
of the current in the armature 
conductors, the direction of 
rotation of the armature may 
be obtained by applying the 


to a given magnetic field. If 

a magnet pole is placed at the centre of a 
circular turn of wire, then each element of the 
wire will be perpendicular to the lines of force 
in its neighbourhood. Let the length of the 
turn of wire be 4 while the radius of the circle 
is z; then if the value of the current in c.g.s. 
units is equal to C, the force acting on a 
unit (N) pole placed at the centre of the 
circle is given by (т) above. 
strength ( +.) is placed at the centre of the 
circle, the force F acting on it will be zz times 
as great as that acting on a unit pole, or 


Б Су (2). 


reasoning given on р. 39, 10 
connection with Fig. 2. Given the strength of 
the ficld in the air gap, the length of each arma- 
ture conductor lying in this field, and the value 
of the current in each conductor, (3) gives us a 
means of calculating the force in dynes acting 
on each conductor. 


Difference of Potential and E lectro-molive 


If a pole of Force. 
When an electric current flows through a 
conductor, there is always some heat 


==: ‚эн —————-—- — 


* Trecunics, No. то, October, 1904, р. 363 ; and 
No. 12, December, 1904, p. 575. 
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generated. By the Law of Conservation of 
Energy, this heat could not make its appear- 
ance unless some other form of energy dis- 
appeared, and in this case the energy which 
disappears is obviously that of the electric 
current. By leading a conductor through a 
vessel (Fig. 6) containing pure water (which 
is practically a non-conductor) the heat pro- 
duced in a given time 7 by the passage of a 


Fic. 6.—To EXPLAIN THE P.D. PRODUCED 
BY THE FLOW OF A CURRENT 
THROUGH A WIRE. 


current of C units (c.g.s.) can be determined 
from the mass and rise of temperature of the 
water ; hence, knowing from Joule's investi- 
gations that one unit of heat (the heat that 
will raise one gram of water through 1° C.) is 
equivalent to forty-two million ergs of energy, 
we can readily calculate the amount of energy 
which has been changed into heat. Let this 
amount of energy be equal to W ergs; then 
we define V, the potential difference (P.D.) 
between the points where this energy has 
been dissipated, as the energy dissipated per 
unit current per unit time, ОТ 
W 


Vag ы ижа = жле ОЕ), 


Thus the c.g.s. unit of P.D. is that between 
the ends of a conductor wherein one c.g.s. 
unit of current is dissipating one erg of energy 
per second. Since (W//) in (5) is equal to 
the rate of dissipation of energy, or the power 
dissipated, we may define the difference of 
potential between two points on a conductor 
as the power dissipated per unit current ; 
hence we arrive at the useful result — 
V C - power dissipated. 

The practical unit of power is the wolf, 
which is equal to one hundred million (105) 
c.g.s. units. Ifa current of one ampere flows 
between two points in a circuit and produces 
a P.D. of one volt, the power expended is 
given by the equation— 

(10? c.g.s. units of P.D.) 
X (15 of a c.g.s. unit of C) 
= то! ergs per second = 1 watt. 


Thus a P.D. of one volt is produced by an 
energy transformation proceeding at the rate 
of one watt per ampere. 

We have as yet considered only one of the 
energy transformations which may occur in 
an electric circuit, viz, that in which 
electrical energy disappears, its place being 
taken by an equivalent amount of heat. 
When, however, an electric current flows 
through a cell from the negative to the 
positive electrode, the net amount of energy 
liberated by the chemical reactions within the 
cell will be converted into electrical energy. 
‘Thus between two points in a circuit we may 
have either a disappearance or a generation of 
electrical energy; when electrical energy 
disappears between the points in question, we 
define the resulting P.D. as a fal of potential 
in the direction of the current: when 
electrical energy is generated, we define the 
resulting P.D. as a vise of potential in the 
direction of the current. The numerical 
value of the fall or rise of potential is equal 
to the net power lost or generated per unit 
current between the points. 

The production of heat by ап electric 
current is an irreversible energy transforma- 
tion; by reversing the direction of the 
current we make no difference in the nature 
of the energy change, heat being produced 
at the expense of electrical energy in both 
cases. When a very small electric current 
flows through a cell, no appreciable amount 
of heat will be produced. Let a small 
current C flow through a cell from the 
negative to the positive electrode, and let the 
resulting chemical reactions liberate a net 
amount of energy equal to W ergs in / 
seconds; then the rise of potential is equal 
to W/(Cz) in c.g.s. units. Faraday found 
that the extent of the chemical reaction is 
proportional to С; and as the energy W 
liberated is proportional to the extent of the 
chemical reaction, and therefore to C, it 
follows that the rise of potential W/(C/) in 
the direction of the current is independent of 
C. If we reverse the direction of the current 
flowing through the cell, we reverse the 
nature of the energy transformation; when 
the current flows through the cell from the 
negative to the positive electrode, chemical 
energy is transformed into electrical energy ; 
when the direction of the current is reversed, 
electrical energy disappears, and its place is 
taken by chemical energy stored up in the 
cell. Hence, the energy transformations 
associated with the chemical activity of a cell 
are reversible. When a P.D. is the result of 
a reversible energy transformation it is 
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termed an electro-motive force (Е.М.Е.). 
‘Thus we may speak of the E.M.F. between 
the terminals of a cell, when the current 15 so 
small that no appreciable amount of heat is 
produced ; but if heat is produced within the 
cell by the current, the energy transformation 
becomes partially irreversible,and we may then 
only speak of the potential difference between 
the terminals of the cell. 

If the terminals of a cell are merely con- 
nected by a wire, the energy liberated by the 
chemical reactions within the cell will be 
wholly converted into heat, either within the 
cell or in the external circuit. Let the net 
amount of energy liberated by the chemical 
reactions in a time / be equal to W ; let 2, 
ergs be converted into heat within the cell, 
and 2*, ergs in the external circuit during 
the same time 4 Then, by the Law of Con- 
servation of Energy 

№ =w +w . . . (6) 

Let a current C be produced; then this 
current will have the same value in all parts 
of the circuit. Dividing both sides of (6) 
by Сл we obtain 


W _ m Ws 
er p Pg tts v 


The energy W is produced by a reversible 
transformation, so that the left-hand side of 
(7) represents the E. M.F. of the cell ; let this 
be denoted by E. The symbols ze, and w, 
represent energy dissipated irreversibly, so 
that the first term on the right of (7) repre- 
sents the fall of potential v, within the cell, 
while the second term represents the fall of 
potential v, in the external circuit. Thus 


E7477, . . . .(8) 
or the E. M.F. of a cell is equal to the fall ot 


potential all round the circuit in which the 
cell is included. 


Ohm's Law. 


A conductor being given, we may deter- 
mine the power per unit current dissipated 
when the current has various values, and so 
determine the relation between the current 
and the P.D. between the ends of the 
conductor. The result obtained from such 
an investigation is known as Ohm’s law; 
according to this law, if the temperature of a 
conductor remains constant, the difference of 
potential V, between the ends of the conductor, 


is proportional to the current С; or 
M = a constant. 
C 


The name given to this constant is the 


resistance of the conductor. Hence we may 
wnte, 


p =R, orV=CR . . . (9) 
where R is the resistance of the conductor. 
A conductor will have unit c.g.s. resistance 
if a current of one c.g.s. unit flowing through 
it produces unit c.g.s. difference of potential 
between its extremities. 

The oZ is the practical unit of resistance; 
if an ampere flows through a conductor with a 
resistance of one ohm, the P.D. between its 
terminals will be equal to one volt. To find 
the relation between the ohm and the c.g.s. 
unit of resistance, we have from (9) 


10* c.g.s. units of P.D. 
yo €.g.s. unit of C 


= Io? c.g.s. units of resistance = 1 ohm. 


In connection with equation (8), let » be 
the internal resistance of the cell, while R is 
the resistance of the external circuit ; then if 
the current in the circuit has the value C, we 
shall have 


E=Cr+CR=C(r+R); 
a ee 0 
ав iu ue we жос {ЛО 


'This result is often quoted as representing 
Ohm's law; from the above reasoning it is 
clear that (10) is merely the result of a par- 
ticular application of Ohm’s law. 


Induced E.M.F. 


Experiment shows that when a conducting 
circuit is moved about in a magnetic field, 
under certain conditions an electric current 
is generated in the circuit. Now if an electric 
current flows in a circuit, heat must be pro- 
duced; and as previously explained, this 
production of heat is due to the dissipation 
of electrical energy, so that electrical energy 
must be generated by moving the circuit 
about in a magnetic field. But for electrical 
energy to be generated, work of some kind 
must be performed ; and in this case the 
only way in which work could be performed 
is in overcoming forces which oppose the 
motion of the circuit. ‘Thus we arrive at an 
important conclusion which goes by the name 
Lenz's law :— When electric currents are gener- 
ated by the motion of a conducting circuit in a 
magnetic field, a reaction ts produced which 
opposes the motion of the circuit, let us now 
apply the law to determine the direction of 
the current generated when part of a con- 
ducting circuit cuts the lines of force of a 
magnetic field. Fig. 7 represents a frame- 
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Fic. 7.—TO EXPLAIN THE PRODUCTION OF AN 
E.M.F. IN A CONDUCTOR WHICH IS MovED 
SO AS TO CuT LINES OF FORCE. 


work composed of two parallel conducting 
rails permanently connected at the left-hand 
ends, but unconnected and extending indefi- 
nitely toward the right. Let lines of magnetic 
force pass vertically downwards through the 
space between the rails, the number of lines 
per square centimeter being constant over the 
space. If a conducting rod is laid trans- 
versely across the rails, and moved at right 
angles to its length, either to the right or the 
left, then experiment shows that an electric 
current will be generated in the closed circuit, 
composed of the rod, the portions of the rails 
to the left of the rod, and their permanent 
connection. Let the direction of motion of the 
rod be toward the right; then the current flow- 
ing along the rod must react on the lines of 
force due to the field, so that the motion of the 
rod 1s opposed ; and for the field to oppose the 
motion of the rod, its lines must be bent round 
in front of the rod, as shown in Fig. 7. 
The way in which each line of force in turn 
gets bent round the front of the rod, to 
ultimately join up behind it, leaving a line of 
force looped round the rod, will be sufficiently 
obvious from an inspection of Fig. 7. On 
comparing Figs. 2 and 7, it is seen that 
the current must flow along the rod in the 
direction of the arrow marked E. It will be 
noticed that, in moving the rod toward the 
right, the area of the closed circuit to the 
left of the rod is increased, and therefore the 
number of lines passing downwards through 
the circuit is increased ; looked at from 
above, the current will flow round this circuit 
in a left-handed or anti-clockwise direction. 
Thus if we increase the number of magnetic 
lines of force which pass through a closed con- 
ducting circuit, the current generated will flow 
round the circuit in an anti-clockwise direction 
when viewed along the direction of the lines of 
forc, If we decrease the number of lines of 
force passing through the circuit, the current 
produced will circulate in a clockwise direc- 
tion when viewed in the direction of the line 
of force. 


YA ! DIRECTION 


| I 
Dirt OF MOTION 
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Further, since electrical energy is being 
generated by the motion of the rod (Fig. 7), 
an E.M.F. must be produced. We can now 
find the value of this E.M.F. in a very simple 
manner. The E.M.F. (in c.gs. units) is 
equal to the power in ergs per second for 
each c.g.s. unit of current. "Thus if E is the 
value of the E. M.F. and C is the value of the 
current, 


E C = power developed, or work performed 
per second. 


Let the uniform velocity of the rod toward 
the right be equal to v centimeters per second, 
and let the force opposing the motion of the 
rod be equal to F dynes ; then the work done 
per second by the agent moving the rod is 
equal to Е v ergs, and since this work must 
be equal to the electrical energy generated, 
we have 

e ox cu (ТО) 


EC = Fv 


Let the perpendicular distance from rail to 
rail be equal to 7; then this will be the 
length of that part of the rod which is 
generating the E.M.F. Let the field which 
the rod cuts be equal to B dynes per unit 
pole, or lines per square centimeter ; then the 
force F opposing the motion of the rod will 
be that due to a current C flowing along a 
conductor of length / perpendicular to an 
independent field B; the value of F is 
given in equation (3), p. 41. Substituting in 
(10), we obtain 


ЕС = B/C.v; 
SE = В/о Ti 


Equation (11) gives the E. M.F. generated by 
the motion of the rod, in c.g.s. units; to 
obtain it in volts we must divide by ro*. 
Now as the rod of length / moves toward the 
right through a distance of v centimeters, it 
will cut through all the lines of force passing 
vertically through an area of /2 square centi- 
meters, #.¢., it will cut through B /2 lines of 
force, since B lines pass through each square 
centimeter. Thus the E.M.F. zs egual to the 
number of lines of force cut per second, or the 
number of additional lines enclosed in the circuit 
per second. 

In the above investigation it has been 
assumed that the lines of force are perpen- 
dicular to the rod, and also to the direction 
of motion of the rod ; it will now be shown 
that the same result applies whatever may be 
the direction of the lines of force. In Fig. 8, 
let A B be the rod, of length ¢, moving 
vertically downwards through the plane of 
the paper; and let the lines of force which 
the rod is cutting be parallel to the plane of 
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the paper, but make an angle 
0 with a line drawn perpen- 


the resultant value of the field, 
the component of B perpen- 
dicular to the rod will be equal И 
to B cos 0, and this component Z , jE J? A 
is alone operative in producing |. g 2 (5. ndm o 
a force on the conductor carry- ГОХЕ OF FORCE: 

ing the current C. ‘Then, 

using equation (4), page 41, we shall have 


EC = Fv = (Bcos/C) v. 
E = B (¿cos 6) v. 


Draw the straight line A C (Fig. 8) per- 
pendicular to the lines of force, so as to cut 
the same lines as are cut by AB; then 
A С = / cos 6; and since A C, in one 
second, will sweep out a rectangle of area 
(/ соз 6) X v square centimeters 


/ 
dicular to the rod and to its Я Co ; 
direction of motion. If B is | 8 ВБА ‘eae 
: / / 


perpendicular to the lines of 4 : 4 
force, B (/ cos 0) v will be the je. Р 
number of lines cut per second Үс и 4 
by the line А C, which is equal to Wd! , РА й 
the number cut by the rod А B. "e "E. jd z 
, The results already obtained ~~. ph = JUPE il 
give us the means of solving, РЕ 00. eese 
In а very simple manner, a E DO IN 
problem which will subsequently де" ANN. 77a 
be found of considerable im- И EE 
portance. This problem is as YW! X E 
follows :—A current C flows £ {л ы 
along a straight conductor of P sedis \ 
great length; it is required to v b A 4 * 
find the field (force per unit N ES r 2 
pole) at a distance 7 from the . SEC l. Ge 7 
conductor, when 7 is small in Nee ГИЛ ee 
comparison with the length of —n . —— "MALTA __,„ 
the rod. It is supposed that, C т-д 
in the absence of the field due s IS `` 
to the current, there would be ? / EE Me 
no lines of force in the neigh- E B Eo X 
bourhood of the conductor, so ~~ 4 Y 4 1 
that the field to be determined ай 


is that merely due to the Fic. 9.—To EXPLAIN HOW THE 


FIELD AT A GIVEN DISTANCE 


current. 
FROM A RECTILINEAR 


Let a unit N pole » (Fig. 9) 
be placed at a distance > cms. 


CURRENT MAY ВЕ 
DETERMINED. 


from the long straight conductor 
carrying the current C (c.g.s.) ; 
then if F is the force in dynes 
acting on the unit N pole, an 
equal and opposite force must 
act on the conductor (see Fig. 9, 
plan). If we move the con- 
ductor round the unit N pole, 
at a uniform distance 7 from 
this, the work done will be 
equal to F x 2ar ergs. The 


conductor will cut the lines (or tubes) of 
force due to the pole, and so generate an 
E.M.F.; if the direction of motion is anti- 
clockwise in the plan (Fig. 9), the E.M.F. 
will be in the direction of the current C, and 
if the conductor is moved at the requisite 
speed, we may produce such a value of E as 
will generate a current C in the circuit of 
which the conductor forms part. 


In this 
case C is produced merely by 
the motion of the conductor. 
Let ¢ seconds be required 
for a revolution of the conduc- 
tor about м; then the electrical 
energy generated = ECZ ergs. 

Equating this to the work 
performed, we have 

ECf=2mrF . . . (12) 
E wil be equal to the total 
number of tubes of force cut 
per second by the conductor ; 
when the conductor is very 
long in comparison with 7, it 
will, during one revolution (2.е., 
in the time /), cut practically 
all the tubes of force diverging 
from z. 

Hence E = (47 X 1)//. Sub- 
stituting in (12), we have 


2 Ct = 47C = 27F; 


ix 26 sb æ (13): 
r 


Thus the field (force per unit 
N pole) at a distance 7 from a 
very long straight current C is 
equal to 2C/r. 
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THE ELEMENTS OF CHEMICAL ENGINEERING. 


[44 rights reserved.) 


By J. GROSSMANN, M.A., Ph.D., F.I.C., Chemical Engineer and 
Consulting Chemist, Manchester. 


E have mentioned before that 
one of the principal points 
to be considered in the con- 
struction of an evaporating 
plant is that the products of 
combustion should be used 
to the greatest advantage — 

that is, that the greatest surface of the 

evaporating vessel should be exposed to 
their action. It would also follow that the 
surface of the vessel should be a maximum 
with regard to its volume. It must have 
struck the student who has a fair knowledge of 
mathematics that the instances which we have 
given so far are theoretically not adapted to 
fulfil these conditions. It is well known that 
the half-section of a sphere offers the least 
surface with regard to its volume. It would 
be possible to increase the ratio between 


surface and volume by making the pot 
shallower, but it would then be more difficult 
to build a flue round it. It is evident that 
there is no reason why evaporating vessels 
of a different shape should not be used; 
for instance, one which resembles a bath, 
such as is used for domestic purposes, or a 
cylinder cut in two. The latter would give 


тоте surface in proportion to its length. If, 


for instance, the length were four times the 
radius of the corresponding cylinder, we 
should gain 20 per cent. in surface, as com- 
pared with a half-sphere of equal volume ; if 
it were eight times longer than the radius, we 
should gain 36 per cent. As the flues follow 
straight lines instead of curves, they will be 
easier to build, easier to clean, and more 
economical to construct. 

Figs. 7 and 8 represent such an arrangement. 
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Fic. 7.—StDE ELEVATION OF SEMI-CYLINDRICAL EVAPORATING VESSEL, 


7 
222222 
а" т. 


ЛСА 
Ж A Ud 


р 


Mt Vit Yl 
22222 === 


TL 
222 === YW, WW Wd): 


Fic. 8.—TRANSVERSE SECTION OF 
SEMI-CYLINDRICAL EVAPORATING VESSEL. 


The pan AA, which in this case is made 
of wrought iron, rests on the brick walls EE. 
The fire-gases travel underneath the pan, 
then upwards, are divided by the pillar F, 
then pass through the right and left flues B 
and C simultaneously, join up again in the 
front at D, and are taken from this into the 
main flue. Dampers are provided in the 
flues B and C to regulate the draft in each 
of the side flues, in case it should be stronger 
on one side than it is on the other. The 
question will be asked : Why not always use 
a long pan? The answer to this will be 
apparent if the student will make a drawing 
for himself of a pot and of a pan, the length 
of the latter being eight times the radius of 
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the corresponding cylin- 
der, each capable of 
holding тоо gallons. He 
wil then notice that for 
small quantities of liquid 
there is no advantage in 
a long pan, as the side 
flues become very shallow, 
and as the surface can 
thus not be utilised to its 
best advantage in econo- |. 
mising heat. The question [7^ 
of cost of plant will ao [27 
often determine the shape A | 
of the evaporating vessel; [77177 GWE 
for whilst, weight for Ё д ZZ 
weight, cast iron is a 17 
cheaper than wrought 

iron, vessels made of the 

former have to be constructed in much thicker 
metal, and therefore may become more ex- 
pensive than wrought iron apparatus, always 
provided that in the latter the cost of shaping 
and rivetting is not excessive. A small cast 
iron pot may be cheaper than a wrought iron 
pan ; anda large cast iron pan may be dearer 
than a pot or pan made of wrought iron. 

In the boiling down of solutions, it often 
happens that solid matters separate out, and 
settle on the sides of the evaporating vessel. 
The crusts which are thus formed are dried 
by the heat of the flue gases, and being in 
every case worse conductors of heat than iron, 
or metal of other description, prevent the heat 
from passing to the liquid, and thus doing its 
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FIG. 10. —TRANSVERSE SECTION OF THELEN PAN. 
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Fic. 9.—SIDE VIEW OF THELEN PAN. 


work economically. In consequence of this, 
the evaporating vessel becomes unevenly 
heated, partially to a much higher tempera- 
ture than would otherwise be required, and is 
apt to alter its shape or to burn through in 
those places where, being encrusted, it is 
exposed to the greatest heat. It is, therefore, 
in many cases advisable to have a mechanical 
arrangement which keeps the sides of the 
evaporating vessel free from incrustations. 
This purpose may be effected by means of an 
agitator, the arms of which are arranged in 
such a manner that they traverse every part 
of the sides of the pot. A better arrangement 
would be one which would at the same time 
remove the precipitated matter altogether 
from the liquid, and such a design is shown 
in Figs. 9 and то, and is known by the name 
of a Thelen pan. 

The pan is similar to the one described 
last. A shaft works in bearings at each 
end and is provided with arms, each carrying 
a little movable shovel at its end. The arms 
are arranged in such a manner that the little 
shovels move any deposit towards the end of 
the pan, and the sediment on arriving there 
is taken up by another shovel and lifted bodily 
out of the pan into a draining vessel, from 
which the liquor can drain straight back into 
the pan. Several of these pans may be 
coupled together, so that the waste heat from 
one pan heats the succeeding one. 

A natural consequence of the foregoing 
remarks, and which no doubt will readily 
occur to the student, is that an evaporating 
pan should always be filled with liquor above 
the highest point of the surrounding flues, 
otherwise these parts would become over- 
heated, and would soon deteriorate. 

In the apparatus which we have so far 
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described, the liquor to be concentrated has 
been placed in a suitable vessel, and the 
fire gases produced from the combustion of 
fuel have been passed under and round the 
vessel, without coming into contact with the 
liquor which is to be evaporated. But an 
arrangement could be designed by which the 
products of combustion would be passed over 
the surface of the liquor which has to be con- 
centrated. Such an arrangement is occasion- 
ally used, but it has the great drawback that 
naturally the liquor becomes contaminated 
with dust and objectionable impurities, such 
as sulphurous acid, which is almost always 
present in the products formed by the com- 
bustion of coal. ‘This device is therefore not 
very often used, though it is possible that, 
with the extension of gas for fuel, it may be 
found useful in certain 
cases in which it has 
not beenapplied sofar. 

We have now con- 
sidered such constructions of 
evaporating vessels which 
closely resemble the labora- 
tory processes in which a 
Bunsen burner is placed under 
a beaker or dish filled with 
liquid. It is often found 
more advisable in laboratory 
work not to use the naked Ez 
flame for these operations, [EE 
but to use a water, sand, Ё 
metal, oil or air bath, in order 
to obtain lower or higher and 
fairly constant temperatures. 
Where similar results have to 
be obtained on a large scale, 
there should be no difficulty to the student, 
after the preceding remarks, to elaborate 
arrangements of this kind suitable for 
technical work; bearing in mind all the 
time, that in working on a large scale, he 
has an important auxiliary in steam, which, 
with few exceptions, chiefly found in ex- 
perimental dye-houses, is not to any great 
extent made available in college laboratories. 
As a matter of fact, it is much more difficult 
to put together a small laboratory apparatus 
with closed-in steam than it is to construct a 
large apparatus in the works. As steam can 
be produced at different pressures, and con- 
sequently at different constant temperatures ; 
as it can, moreover, be superheated to still 
higher temperatures than those which belong 
to it at its relative pressure, we have a ready 
means of producing and maintaining constant 
temperatures ranging from 100° Centigrade 
to about 400° Centigrade. 
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Fic. 11. 
STEAM-JACKETED VESSEL. 


Where a sand-bath, oil-bath, or metal-bath 
is used, the arrangement will be almost 
identical with the one which is used for the 
purpose in the laboratory. If we use vessels 
of pot shape, it will be only necessary to 
place one pot into another of a larger size, 
and fill in the empty space between the two 
with either sand, oil, or lead, or any alloy 
which will give the required temperature. 
When steam is used, a similar arrangement 
may be resorted to, but with this difference, 
that the two pots will have to be jointed 
together steam-tight. Such an arrangement 
is shown in Fig. 11. 

It is necessary to let the steam enter at the 
top, and to remove the condensed water and 
superfluous steam at the bottom, so as to 
give the waste steam and water a free 
passage. In order to use the 
steam most economically, it 
is necessary to take care that 
no more steam is used than 
will conveniently condense, 
so that only hot water may 
leave the apparatus. ‘This 
may be either used for feeding 
the boiler, or for other pur- 
poses where hot water 15 
required, or it may be taken 
through suitable coils placed 
in the liquid which feeds the 
boiling down pan, and thus 
serve to give that liquid a 
preliminary heating. 

In constructing jacket pans, 
care must be taken to make 
sufficient allowance in the 
strength and shape of the 
vessels to stand the pressure of the steam; and 
it will in manycases be foundadvisableto make 
the surrounding or outside jacket of wrought 
iron, which will resist a greater amount of 
pressure for the same thickness of metal than 
cast iron. All apparatus of this kind, in fact 
all apparatus which has to stand exterior or 
interior pressure, should be designed so as to 
present as little surface of a plane shape as 
possible; all surfaces should represent curves. 
This precaution need not be taken if we pass 
the steam through a coil placed in a suitably 
shaped evaporating vessel; in that manner 
the initial expense is reduced, and as it 1s 
possible to obtain welded coils of wrought 
iron of almost any shape, vessels of different 
material, and of pot, pan, or box shape may 
be used, in conjunction with steam-heating 
coils. The objection to coils is that they 
are troublesome to keep clean where solids 
are apt to be deposited, and when covered 
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with incrustation they become inefficient. 
An ingenious device has been resorted to 
to overcome this objectionable feature, and 
one which combines the advantages of a 
jacket and coil pan. It has been found 
possible to cast molten iron round coils of 
wrought iron pipes, so that a cast iron vessel 
may be obtained, which can be heated by 
steam passing through the sides which define 
its shape. Fig. 12 shows such an arrange- 
ment, which requires no further explanation. 


Care should be taken in all cases to . 


prevent radiation from the evaporation vessel 
as much as possible, and this is done by 
either surrounding it with several courses of 
brickwork, or by coating it with compositions 
which have little conductivity for heat, such 
as the well-known compositions which are 
used for steam boiler coverings. In using 
coils for evaporating purposes, there is one 
point which must be particularly watched. If 
steam is passed through , 
a coil which is slightly 
leaking, two things may 
happen: the steam may 
escape into the surround- 
ing liquid and cause 
unnecessary dilution, or 
the surrounding liquid 
may be drawn 
through . that fine 
opening, and in that 
way los may be 
caused. Wherever a coil 
is used for evaporating 
purposes, it is, therefore, 
necessary to test the 
condensed water from time to time, to see 
that it is free from any of the substance which 
is placed in the boiling down vessel. 

In special cases it will be found that the 
waste steam from the steam engines may be 
utilised for evaporating purposes, and wherever 
this is possible it should be done. We shall 
have occasion to refer to this again. 

We have so far only dealt with the com- 
monest forms of apparatus for evaporation, 
not only for the reason that they are used 
more extensively than others, but because 
they illustrate most clearly the principles 
on which such apparatus is constructed. In 


the space at our disposal, it is impossible to. 


deal with every kind of known apparatus, and 
it will occur to the student who has already a 
fair knowledge of chemical technology that 
special modes of evaporation, such as brine 
towers, the Glover towers, and others, of which 
he is cognisant, have not been mentioned. 
All kinds of apparatus may be, and have been, 


FIG. 12. —STEAM-JACKETED BATH. 


constructed for special. purposes, but there is 
no necessity to describe every one in detail. 
They are all based on the principles which 
we have explained : that is, to give as much 
surface to the evaporating liquor as possible 
and to use up waste heat. The aim of 
' technical education should not be to produce 
a specialist who can at once take charge of a 
special line of manufacture, and who is 
conversant with all the little details which 
have been acquired in the course of many 
years by each manufacturer ; for that reason 
we restrict our remarks in the$e articles to 
such general explanations of the principles of 
chemical engineering as will enable the 
student to realise, as occasion may arise, why 
certain apparatus may or may not be the 
most suitable for special purposes, and ; that 
he may in each case be able to judge how 
far any special apparatus may be right in 
. principle and detail, and for what reason it 
has been. constructed. on 
its characteristic lines.. 
Cases arise in which 
the vapours evolved from 
the boiling liquids have 
to overcome a greater 
pressure than that of the 
atmosphere, or in which 
the pressure under . which 
they are evolved is smaller 
than that of the surround- 
ing atmosphere, #.¢., 1 5 lbs. 
per square inch. ‘These 
cases may be considered 
as processes. of evapora- 
tion or of distillation, for 
no hard-and-fast line can be drawn between 
the two. For our purposes it will be most 
convenient to treat all processes of evapora- 
tion which take place in a closed system as 
processes of distillation, and thus include in 
that category evaporation under increased or 
diminished pressure. Taking that view, we 
will now. proceed to the next chapter, in which 
we shall deal with apparatus used for distilla- 
tion and condensation, including the im- 
portant subject of evaporation in a vacuum. . 


Distilling Flasks, Liebig Condensers, 
Fractionating Tubes and their Technical 
Equivalents. 


We have mentioned above that evaporation 
may be carried on either under increased or 
diminished pressure. Practically speaking, all 
the apparatus which has been described so 
far for evaporating can be easily converted 
into part of an apparatus for boiling down 
under a pressure, or in a vacuum, by simply 
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putting a lid on the top of either the pots, or 
pans, which we have described before. We 
shall deal with the evaporation under pressure 
later on, when we shall describe the construc- 
tion and function of a steam boiler. Before 


describing the form of apparatus which is 
used for evaporation in a vacuum on a 
manufacturing scale, we will consider the 
apparatus which is used in the laboratory for 
similar purposes 


(Zo be continued.) 


THE SCINTILLOSCOPE. 


HE scintillations of a zinc sulphide 
screen, when a particle of radium 
is placed near it, were first ob- 
served by Sir William Crookes, 

who invented the instrument called the Spin- 
thariscope. The minute flashes of light are 
produced by the a rays impinging on the sul- 
phide; whether each a ray particle produces 
a separate scintillation, or whether the 
scintillations are due to cleavage of 
the sulphide crystals, brought about 
by the cumulative effect of the bom- 
bardment of a rays, is at present a 
disputed point. However, it is 
certain that the a rays possess little 
penetrating power; they cannot even 
pass through a sheet of paper. Con- 


directly studied by the aid of the Scintillo- 
scope. Very thin films of gold and silver, 
mica and celluloid, transmit Alpha rays ; 
they will pass through several pieces of alu. 
minium foil or thin tissue-paper. The rays 
which do get through still produce the scin- 
tillations which are characteristic of Alpha 
rays. If the luminous screen is now ex- 
amined by the aid of a lens, a very 
beautiful spinthariscopic effect 15 
seen; if pelonium is used instead 
of radium, the effect is still more 
beautiful, since the polonium emits 
а rays only, and therefore there is 
no general illumination of the 
screen ; the sparkling light appears 
on a perfectly dark background. 


sequently, to observe the scintillations THe SciNTILLoscore. It has been found that, by the 


of a screen formed on an opaque 

sheet, it is necessary to place the radium 
on a small metal disc between the screen 
and the eye, and this disc naturally hides the 
brightest part of the screen. 

This difficulty has been avoided in the 
Scintilloscope by using a transparent screen 
coated on one side only. In this way the 
radio-active substance can be brought very 
near to the fluorescent salt, so as to obtain 
maximum luminosity, which may be observed 
through the transparent screen. The relative 
transparency of various substances can be 


aid of the Scintilloscope, even the 
effects produced by the a rays emitted from 
Joachimsthal pitchblende can be observed. 
With care, luminous effects can be observed 
from metallic uranium, thorium compounds 
—even a Welsbach mantle will do the same, 
but the eye must be thoroughly well rested 
before the attempt is made. Thus the 
Scintilloscope rivals the electroscope as a 
detector of a rays. 
The Scintilloscope is made by its inventor 
and patentee, Mr. F. Harrison Glaw, of 156, 
Clapham Road, London, S.W. 


BEATING-UP IN POWER LOOMS AS A MECHANICAL 
PROBLEM. 


By A. CRABTREE, Lecturer on “Cotton Weaving " at the Todmorden and 
Hebden Bridge Technical Schools. 


HIS is one of the most in- 
teresting of the mechanical 
problems connected with the 
power loom, and although it 
is essentially a theoretical 
problem, it is by no means 
lacking in practical utility. 

Notwithstanding this, no very great amount 
of attention appears to have been given to 
the matter, and it is still, to a great extent, 
misunderstood by those interested in weaving 
machinery. 

In nearly all text-books on weaving, the 
subject is treated as if the slay were a freely 
moving body, and the only solution usually 
attempted is embodied in the statement that 
“the force available for beating-up varies as 
the square of the velocity of the slay.” If the 
assumption that the slay is a freely moving 
body were accurate, this would no doubt be 
perfectly correct, and would be quite satis- 
factory. The assumption is, of course, not 
accurate, the motion being governed in a 
perfectly definite manner by the crank and 
crank arm; and consequently other forces are 
brought into play which completely alter the 
nature of the problem. 

The character of the motion of the slay is 
well known, and has been dealt with in a very 
able manner, in at least two books on cotton 
weaving, so that it is unnecessary to go into 
this part of the subject here. 

In studying the forces acting on the slay, it 
is necessary to have a clear idea of the changes 
which take place in the velocity. Perhaps the 
best method of showing these changes is by 
means of curves, as shown in Fig. 1. In this 
diagram the position of the crank may be read 
off on the horizontal axis, and the velocity of 
the connecting pin on the vertical axis. 

In order to give additional interest to the 
diagram, three cases are worked out, which 
show clearly the effect of different lengths of 
crank and crank arm on the velocity of the 
connecting pin. ; 

The first case is the simple harmonic curve, 
showing the velocities due to the crank alone, 
such as would be obtained by the use of an 
infinitely long arm. In such a case as this, 


the velocity of the connecting pin can be 
obtained from the formula - 


Velocity of connecting pin 
= velocity of crank pin X sin б. 


In this formula and all succeeding ones 
0 =the angle of the crank measured from 
the front centre. 

The two remaining curves show the effect 
of using different lengths of crank arm, giving 
varying degrees of eccentricity. The formula 
for obtaining the velocity in these cases 1s 
somewhat more intricate :— 

. Velocity of connecting pin 
locity of crank vinSsin 6 сгв ө} 
= velocity ої cran pin} sin + E 9 

In this formula ¢ = length of crank and a= 
length of crank arm. In order to obtain 
definite figures, the speed of loom is taken as 
200 picks per minute, and the length of crank 
two inches in each case. From these particulars 
we get 
200 X 4 X 3/1416 

60 X 12 
— 3'5 feet per second. 


'The formula now becomes 


Velocity of crank — 


Velocity of connecting pin 
= | feet per second. 


Б s[sin eE y sin? 0 

Supposing, for example, we require the 
velocity of the connecting pin when the crank 
is at an angle of 30° from the front centre, 
assuming the loom to have an eight-inch crank 
arm (curve 3) :— 


Velocity of connecting pin 
. у, 2Ssin 30° cos 30° 
= 3*5 Í sin зо Y. E | 


This gives 


"ETE 


which works out to 2* 1315 feet per second. 
The velocities at other points may be 
obtained in the same way, and finally the 
curve filled in, showing the velocities at inter- 
mediate points. 
On examining these curves, it will be seen 


64 — 4 sin? 30° 


02 


that in all cases the specd of the slay 
increases rapidly from back centre to 
a point at or near the top centre, after 
which the speed decreases. From this 
it follows that force must be acting on 
the slay, to increase the velocity during 
the first half of this movement, and 
force must be acting in the opposite 
direction, to decrease the velocity 
during the second half. 

The force which is exerted to 
increase the velocity is, of course, 
supplied by the crank, that is, in- 
directly, from the belt driving the 
loom; whilst the retarding force comes 
from whatever there may be resisting 
the forward movement. This impor- 
tant point will be returned to later. 

Definite values can be readily given 
to these forces, 1f we take definite dimensions 
of parts and definite speeds. 

The relation of force to velocity and weight 
is expressed in the following formula— 


е i li! ‚а 
Force in lbs. = %9 


VELOCITY IN FY PER BEC. AT 200 PICK PER MIN 


In this formula w = weight in pounds, 
4 — acceleration. in feet per second per 
second, g = 32 ft. per second per second. 

The force is therefore proportional to the 
weight of the slay, and also to the rate of 
acceleration, or the rate per second at which 
the velocity is changed. 

To apply this, however, the rate of accelera- 
tion must be known, and it is evident, from the 
shape of the curves in Fig. 1, that this rate 
will vary throughout the movement. 

Perhaps the simplest method of obtaining 
the rate of acceleration at any point is to obtain 
the exact velocity of the slay at each of two 
points, say one degree apart on the crank 
circle. Subtract one from the other. ‘This 
gives the increase or decrease of velocity per 
degree, or in other words, the acceleration 
per degree. 

By finding the rate of acceleration at 
different points in this way, a second series of 
curves (Fig. 2) can be obtained, showing the 
varying rate of acceleration. ‘Ihe acceleration 
per degree may be readily converted into 
acceleration per second. 

For example. Take a point where the 
acccleration is * 05 feet per second per degree. 
From this we get 
"05 X 360 X 200 

бо 

The rates of acceleration are marked on 
the diagram (Fig. 2) both per degree and per 
second. 


— 60 feet per sec. per sec. 


DEGREES FROM FRONT CENTRE 


Fic. 1.—To SHOW THE VELOCITY OF SLAY AT EACH POINT 


FROM BACK-CENTRE TO FRONT-CENTRE. 


Curve Infinite arm, 2-inch crank. 
Curve ----- I2-1nch arm, 2-1nch crank. 
Сите – . – +> 8-intcÀ arm, 2-tnch crank, 


On examining these curves, it is at once 
evident that the slay starts from the back 
with a high positive acceleration, which 
gradually diminishes until near the centre 
the velocity is uniform; after which the 
acceleration becomes negative, or in other 
words, it becomes a retardation. It has been 
pointed out above, that the force is propor- 
tional to the rate of acceleration. "This being 
so, the curves of acceleration may be taken as 
curves of force ; a positive acceleration repre- 
sents a force tending to move the slay for- 
ward, and a negative acceleration represents 
a force tending to arrest the forward move- 
ment. 

If we take, as an example, a definite weight 
of slay, say 64 lbs., we get definite values for 
these forces. 


Thus, Force in lbs, = © 
This gives 
Force in lbs. — оа 2а. 
32 


Thus with а 64-1. slay the force in pounds 
is exactly twice the rate of acceleration in 
feet per second per second. These forces 
are marked on the diagram (Fig. 2), and 
represent the forces acting on the connecting 
pin. If the curves are examined from this 
point of view, it is evident that during the 
firt half of the movement a gradually 
decreasing force is applied by the crank, whilst 
during the latter half, а gradually increasing 
force is exerted against the motion of the 
slay, by whatever there may be resisting its 
forward movement. The latter part of this 
statement might be put as follows:—An 
increasing. force is exerted by the slay on 
whatever is resisting its forward movement. 


Beating-Up ín Power Looms as a Mechanical Problem 


On what is this force exerted? Evidently, 
if the loom were running without warp or 
weft, it could only be exerted on the crank, 
on which it would be exerted as a forward 
pull, tending to move the loom faster, or in 
other words, helping to drive the loom. In 
this way the energy expended in raising the 
speed of the slay in the first half of the 
movement is given out again in the second 
half, less а certain amount of loss due to 
friction. If the loom is actually weaving 
cloth, a certain amount of force is exerted in 
pushing forward the weft and overcoming 
the friction of the threads. This 15 the actual 
force exerted in beating-up, and will vary 
according to circumstances. It would be 
difficult, if not impossible, to estimate this, 
owing to lack of sufficient data. In light 
goods it will be very small, whilst in heavy 
goods it may be considerable at or near the 
front centre. Itis not, however, so important 
that we should know exactly what force is 
actually exerted in pushing forward the weft, 
as it is that we should know what force is 
available for doing this under different 
conditions. 

It has been shown above that there is a 
certain amount of force due to the retardation 
from top to front centre, which is available 
for the beat-up. It is shown in Fig. 2 that 
this force, in one of the.cases taken, amounts 
to about 180 lbs. near the front centre 
(neglecting the difference between the motion 
of pin and reed). Is this the solution of the 
problem? It would certainly be the solution 
if the only force available were that due to 
the kinetic energy stored up in the moving 
slay. A moments consideration will show 
that it is not, however, the maximum 


force available. Supposing for a Spade tts Er —.o os 
moment that the force required to "узо +40 Б БЕШ ШИ ШШ И ШШ БИ ШЕШ Р ш as 
beat up the weft were to exceed Һе  »se „ме ee a 
180 lbs, what would happen? If  * -z «se 

this were the only force avalible. е e one ER REESE RE -- 

the loom would be stopped at once. — 9 «» zv тшшш 

This, however, would not be the : et, EXER A- 

case by any means. Instead of this, = e aya пиш B 

more power would be drawn from „ мә des TEE EL 

the belt, so that instead of the slay 5 -§ ENF 
pulling at the crank, as it would do * ae B 

at this point in a loom running © vae BE 
without warp, it will be pushed  * ve -» EXE 
forward by the crank. vet -o4 


The total force available for vas -00 


beating-up is, therefore, not simply 
that due to the kinctic energy of 
the slay, and proportional to the 
square of the velocity, as would be 
the case if the slay were a freely 


Fic. 


moving body, but is only limited by the 
From these 
deductions, it might be expected that a 
slowly moving slay will weave as heavy a 
This, how- 


driving capacity of the belt. 


cloth as a quickly moving one. 
ever, is proved by experiment and practical 
experience not to be the case, and the 
reason is probably as follows. In the case 
of the slowly moving slay, the force acts 
on the cloth gradually, and when the force 
reaches a certain point the warp is drawn 
from the beam, the cloth being pushed 
forward. 

With the quickly moving slay, a consider- 
ably higher force may be exerted without the 
beam being turned, owing to the greater 
suddenness with which the force is applied. 
This is due to the inertia of the warp beam 
and parts connected to it. This effect is 
precisely the same as the moulding of a 
cylindrical lead bullet to the bore of a rifle, 
when fired with quick-burning powder from a 
grooved rifle. The bullet is expanded by the 
force of the explosion, before its inertia is 
overcome and it starts moving. 

If slow-burning powder is used, there is no 
such action, owing to the more gradual 
application of the force. From this it 
appears that the capacity of a loom for 
weaving heavy cloth really does depend, to 
a great extent, on the velocity of the slay at 
or near the front centre, but this is not due 
to the reason usually assigned to it. Another 
important point in the equipment of a loom 


for very heavy work is evidently the weight of 


the warp beam ; the heavier the beam, and the 
more heavily the beam can be weighted, the 
heavier will be the cloth which can be woven 


2.—' To Snow ACCELERATION, AND ALSO FORCE 
EXERTED ON AND BY SLAY AT DIFFERENT POINTS. 


Curve ———— Infinite arm, 2-1nch crank, 
Curve – – – – – 12-/nch arm, 2-tnch crank, 
Curve- -=.> B-iych arm, 2-:nch crank, 
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іп a given loom. Better still, a positive let- 
off motion might be used, in which case it 
would appear that the number of pick which 
could be inserted would only be theoretically 
limited by the strength of the warp. The 
above remarks apply chiefly to very heavy 
work. In weaving light goods, the con- 
ditions are altogether different, and it is 
quite evident that very little force is neces- 
sary, the weft being simply pushed forward 
into its proper place, against very little 
resistance. 

In such a case, high speed and weight are 
of no importance, so far as force of beat-up 


is concerned; also no great strength of parts 
Is necessary. 

Much might be said in favour of the 
American plan of using wood to some extent, 
in the construction of light looms; as for 
example, slay swords and crank arms. At 
any rate, this is a point worthy of attention 
from our loom makers. 

This article has been written with a view 
to throwing some light on the nature of the 
forces acting on the slay. Many interesting 
points connected with “ beating-up” have 
been neglected, as not being essential to the 
solution of the particular problem referred to 
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THE above illustration explains a device 
(due to Mr. R. W. Coan, of 219, Goswell 
Road, E.C.) for heating the steering wheel 
of a motor car by means of water which has 
been used to cool the cylinder of the motor. 
A gun-metal cock A is connected to the 
circulating pipe, and is provided with a 
branch piece to which is attached the 
tube B. The hot water from the cylinder 


jacket can thus be intercepted, and instead 
of passing direct to the tank, is made to 
pass through the tube B into the hollow 
steering wheel C, returning through the 
tube D into the cooling tank E. The cock 
is worked by the lever F, to which 15 
attached a rod С, passing through the 
dash-board, and within easy reach of the 
driver's hand. 


EPICYCLIC TRAINS. 
| By THORNTON KNOWLES. 


N most cases where toothed 
gearing is employed, the 
wheels in gear with each 
other rotate, while the 
frame supporting them re- 
mains stationary. If, instead 
of the frame being fixed, one 

of the wheels constitutes the fixed link, the 
frame being permitted to revolve round the 
axis of the fixed wheel, we obtain an 
epicyclic train. Such a train is capable of 
producing a high velocity ratio with the 
employment of a very few parts. 

The simplest case is that shown in Fig. т, 
in which two wheels A, B are in gear and 
connected by a link C. If the wheel A be 
fixed and the link C rotates, the motion of 
the wheel B will be the resultant of two com- 
ponents—that of its own motion relative to 
the link C, and that of the motion of the link C 


FIG. 1. 


relative to the fixed wheel А. In any case 
where two bodies have motion relatively to a 
third which is fixed, the angular movement 
of the first to the third is the algebraic sum 
of the relative angular movements of the first 
to the second and the second to the third. 
The angular movement of the wheel B with 
regard to the wheel A is, therefore, the 
algebraic sum of the angular movements of 
the wheel B relative to the link C, and of the 
link C to the wheel A. If N be the velocity 
ratio of the two wheels, for one revolution of 
the arm C in a clockwise or positive direction 
the wheel B will have moved 4- N revolutions 
relative to the arm, and the arm will have 
moved + 1 revolution with regard to the 
fixed wheel A, making 
B's revolutions = 1 + N. 


FIG. 2. A vun 


To make this clearer, suppose the wheels A 
and B to have 8o and 6o teeth respecuvely ; 
then,if C were fixed, for every revolution of the 
wheel A in a negative direction the wheel B 
would make rj revolutions in a positive 
direction. Now, if while the wheel А is 
making a single revolution in a negative 
direction, the whole of the mechanism be 
rotated one revolution in a positive direction, 
the wheel A will be stationary, and the wheel 
B will make 14 + 1 = 2} revolutions. 

If an idle wheel D (Fig. 2) had been inter- 
posed, the direction of rotation of the wheel B 
would have been negative, and therefore, with 
other conditions the same as before, the wheel 
B would make — 1} + І = — 4 revolution. 
From this it will be seen that if the wheels A 
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FIG. 4. 


and B were equal in diameter the wheel B 
would not rotate. 

In Fig. 3 is shown what is known as a 
compound epicyclic reverted train, in which 
the wheel A is still fixed, and the wheel B is 
mounted loosely on the same shaft as the 
wheel A, from which it is driven by the wheels 
D, E, which are both keyed on one axle. 


FIG. 5. 


Suppose the wheels A and B to have 80 and 
бо teeth respectively, as before, whilst the 
wheels D and E have respectively 50 and 70 
teeth, the revolutions of the wheel B for one 
positive revolution of the link C would be 
— Go x 0) +1 = — F841 
= — li revolution. 

It will be evident that, by making the difference 
in the diameters of the wheels small, such a 
train will give the wheel B a very small rotary 
motion indeed for each revolution of the 
link С. 

Fig. 4 shows an example of an epicyclic 
reverted train in which the wheel A is annular. 
In this form an extra wheel D' is usually 
placed opposite the intermediate wheel D, to 
act as a support. This case is similar to that 
shown in Fig. 2, except that the revolutions 
of the wheel B are positive. Suppose that the 
wheel A has 56 teeth and the wheel B 32 teeth; 


the wheel D will consequently have r2 teeth, 
since it is to gear with both the wheels A and B. 
The revolutions of the wheel B for one revolu- 
tion of the link C will be 

1+ $$ = 2ў. 

‘The arrangement shown in Fig. 5 is the 
same as that shown in Fig. т, except that the 
wheel A is of the annular type, and the 
revolutions of the wheel B relative to the link C 
are negative. With the same number of 
teeth as in the example worked out with 


reference to Fig. т, the revolutions of the 
wheel B would be | 
—atr=-} 

In practice, however, it is usual to prevent 
the wheel B from rotating on its axis, and to 
allow the wheel A to rotate. If this were so 
in the above example, the wheel A would 
make 

+ (4x $8) = 1 revolution 
during one revolution of the arm C. 

The applications of epicyclic gearing in 
modern machinery are extremely numerous 
and varied, many of them exhibiting great 
ingenuity. The advent of the motor car and 
the development of bicycles and tricycles 
have done more to increase the sphere of 
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application of such gearing than any other 
branch of engineering. 

One of the most well-known cases of an 
epicyclic train at the present day is probably 
the driving gear of the “ Bantam” bicycle. 
This arrangement is also often called the 
“Crypto” gear. In Fig. 6 is shown a section 
through the hub of the front wheel of a 
“ Bantam” bicycle. То the frame H is fixed 
an annular wheel A, concentric with the axle G, 
to which the pedals F are secured. A wheel 
B is formed in one with the hub of the bicycle 
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wheel, and is driven by means of the planet 
wheels D mounted on the disc C which rotates 
with the cranks F. To better comprehend the 
arrangement of the wheels, it will be well to 
refer back to Fig. 4, which is a diagrammatic 
end view of the gearing. Taking Figs. 4 
and 6 together, it will be seen that the hub B 
rotates in the same direction as, but at a greater 
angular velocity than, the cranks F. Thus it 
is obvious that this arrangement gives a 
higher gear than by driving direct without 
the intervention of the toothed wheels. With 
driving gear of the proportions of the example 
worked out in connection with Fig. 4, an 
ordinary 24-inch wheel would be geared up 
to 66. 

In Fig. 7 is shown a form of epicyclic 
gearing of wide application, known as Starley’s 
balance or differential gear. The object of 
this arrangement is to enable the wheels of 
the driving axle of a motor car or tricycle to 
have a motion relative to each other when 
turning a corner. The axle is divided into 
two parts L M, provided with bevel-wheels A 
and B. These are driven by means of the 
chain wheel F, in which are mounted bevel 
wheels C D in gear with the wheels A B, the 
wheels C D being free to rotate on the spindles 
E. When the motor car or tricycle is running in 
a straight line, the two parts L M of the axle 
rotate at the same rate, and the wheels A, B, 
C, D remain in the same relative position to 
each other. When going round a curve, 
however, the two parts L, M of the axle 
will be rotating at different rates. This will 
cause the wheels A B to have a relative motion, 
thus turning the wheels C D on their axes. 
This rotation of the wheels C D does not in 
any way influence the driving effort of the 
chain wheel F. Practically all present day 
motor cars are fitted with differential gear of 
this or a similar type on their driving axles. 

In some forms of bicycles, a bevel-gear 
similar to the above is fitted in the bottom 
bracket, and the two wheels C D are driven 
from the pedal cranks direct. The wheel A 
is fixed to the frame, and the wheel B is free 
to rotate on the crank axle. Mounted on 
the wheel B is the large chain wheel for 


driving the back wheel. This form 
of the gear gives the wheel B two 
complete revolutions for each 
revolution of the pedals, thus 
obviating the necessity for any 
very great difference in the 
diameters of the two chain wheels, 
and also affording an easy method 
of increasing the gear. 

The practical application of the 
type of epicyclic train shown diagrammatically 
in Fig. 5 is represented in Fig. 8 as applied to 
the driving mechanism of a steam winch or 
capstan. In this, as in most applications of 
the same type, the annular wheel A rotates 
whilst the wheel B is prevented from rotating 
on its axis, The wheel B is mounted on an 
eccentric H, which is turned solidwith the shaft 
Е, and whichhasan eccentricity equal to half the 
difference in the diameters of the pitch circles 
of the wheels A and B. To prevent the wheel 
B from rotating, lugs G are formed on one side, 
which slide in vertical grooves in a circular 
disc D, which itself is fitted with similar lugs L 
free to slide horizontally in the groove E. 
Thus it will be seen that by-rotating the shaft 
F the wheel B is carried round in a circular 
orbit without rotating on its axis, and thereby 
drives the annular wheel A with a relative 
velocity depending upon the difference in 
diameter of the two wheels. The wheel A is 
mounted loosely on the shaft F, and 15 con- 
nected to the winch or capstan by the clutch K. 
Gear of this type has also been applied to 
differential pulley-blocks and hand steering- 
gear for ships. 

The necessity for rapidly changing the 
speed of motor cars without altering the 
revolutions per minute of the driving-motor 
has been the means of introducing several 
change-speed mechanisms, many of which 
have an epicyclic train as one of their 
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constituent parts. The great advantage of 
such gearing for this purpose is that two 
speeds, at least, are always possible, since one 
speed is obtained by the gear running as an 
epicyclic gear, and another is obtained by 
locking the wheel train so that it turns as a 
whole. 

The change-speed mechanism shown in 
Fic. 9, and known as Beaumont's change- 
speed gear, affords a good example of those 
gears which possess, as an important feature, 
one or more epicyclic trains. This gear may 
be mounted on an intermediate driving shaft, 
or on the main driving axle A of the car. It 
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comprises three pulleys L, M, N, mounted 
loosely on the shaft A. Between these 
pulleys, and keyed to the shaft A, are toothed 
wheels B, C. Adjacent to these wheels are 
toothed wheels D, E, secured by keys to the 
bosses of the pulleys L, N respectively. Upon 
a spindle F, carried by the central pulley M, 
are mounted four toothed wheels G, H, J, К 

in gear with the wheels D, B, C, E respectively. 
The wheels G, H rotate together, and form, 
with the wheels D, B a compound epicyclic 
reverted train, similar to that shown diagram- 
matically in Fig. 3. The four wheels J, K, C, E 
also comprise such a train, but one of different 
proportions to the wheels in the pulley L. 
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The pulleys 1, and М are provided with brake 
drums К, S, by which either can be held 
stationary, while the central pulley M is 
driven. If, for instance, the pulley L be held 
stationary by the band brake on the drum R, 
the gear wheel G will roll round on the wheel 
D and carry with it the wheel H in the same 
direction as the motion of the pulley M, thus 
driving the shaft A by means of the wheel B. 
It will be evident that the pulley N must be 
allowed to rotate loosely, otherwise the gear 
would become locked. Оп the other hand, 
if the pulley N is braked, and the pulley L is 
left free to rotate, the gear still being driven 
from the pulley M, the shaft A 
will be rotated by the wheel 
C at a different speed. Ву 
this means two speeds аге 
produced. А third speed is 
obtained by running the belt 
on the pulleys L and M or M 
and N at the same time, which 
locks the whole of the gear 
and drives the shaft A at its 
highest speed. If means are 
provided for braking the pulley 
M, two more speeds may be 
obtained by driving either the 
puley L or the pulley N. 
Therefore, by means of this 
mechanism, five different 
speeds of the shaft A are 
possible. If the pulley L is 
dispensed with, and a brake 
drum R' is fitted on the casing 
as shown, only four speeds are 
possible. Further, by choosing 
suitable proportions of the 
various toothed wheels in the 
gear, it is possible to cause one 
of the methods of driving to 
rotate the shaft A in a 
reverse direction. 

Thedesignsfor change-speed 
mechanisms are exceedingly numerous, many 
of them being very ingenious combinations, 
comprising Беуе] - wheel epicyclic trains 
operated by special forms of friction clutches. 
It isin such mechanisms that epicyclic gearing 
finds the greatest number of applications at 
the present day. 

The steering handles of motor cars are 
also fitted with а compound epicyclic re- 
verted train in order that the steering may be 
what is known as *lock steering," or irre- 
versible ; that is, the tendency of the wheels to 
rotate the steering handle is prevented. 

During recent years most of the large 
structural engineering and shipbuilding firms 
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на Г At the lower portion of the 
x г hollow shaft С, indi is in one 
b =з with the frame E, is keyed a 
ali toothed pinion L. In gear with 
M dpt this pinion are two wheels M, N 
Pd di rotating on spindles fixed to 


T tie az ча p" EEN Ў 3: the crosshead O, these wheels 


lie Vx being in turn in gear with an 
he rie annular wheel fixed in the outer 
bL casing. By this arrangement 
Pici the pinion L, being rotated by 
Our ur. 2 Me™ 4 ae, ОООО a | the motor cylinders A, Causes 
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the wheels M, N to rotate 
the crosshead O at a reduced 
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ШЕЕ 4 = IN N speed. The motion of the 
ү Ше vw SA, d l | ' crosshead is transmitted directly 
wei P Sis NT RY NS d to the chuck R in which the drill 
SPS г ae SM AS = 2 or other tool is held. In this 
i din 7—7 form of driving mechanism 
kde rem j the power being applied on 
nd Mek opposite sides of the engine 
Fie, vr shaft, instead of on one side only 
1 the ge as in the earlier forms of pneu- 
їй. E matic drills, the forces on the 
кё gear are perfectly balanced. 
аас Another example of epicyclic 
abes gearing in modern machinery 
X" is illustrated in Fig. тт, which 
pules 3 FIG. 10. shows a portion of Brown's 
ns of BS hydraulic steering - gear. ‘The 
D have fitted their yards with a complete instal- steering -wheel A is mounted 
EE lation of compressed air for working small on a shaft F, and operates the 
ley Ls tools. By this means the work on large rack G by means of the pinion 
im structures, such as bridges and ships, has Н. At each end of the rack 
he o been considerably simplified and lessened. is fitted a piston working in 
pens a As a result of such a universal adoption of an hydraulic cylinder, not 
‚бюз compressed air as a motive power, the various shown in the figure. The 
du pneumatically-operated tools have been con- movement of these pistons 
ols m 0 siderably improved. As a rule, the com- communicates by hydraulic 
us at pressed air motors used for driving these tools 
ning © run at a very high speed, too high for ordinary 
4 рі working. Some means must therefore be iV, 

adopted to reduce this speed, and this has led — { 
gespe to the application of epicyclic gearing in к= 
қ, matt connection with such compressed air motors, Ir 
natios one of the most notable being that shown in de / 
quib Fig. ro, which is a section of a Boyer N I= 
lur pneumatic drill. The compressed air motor 4 HE Ick 
rant comprises three cylinders A set at equal aoe 2 
105 d angles in the frame E, and pivoted on spindles к [EA BN | A ? 

D which act as distributing valves, each LESS - (i 
"T: cylinder working on the same crank-pin В. Vs = 
КЁ This crank-pin B is fixed to the outer casing 1—# @® 4 Y / 
ШК C of the machine, and the three cylinders А = A p 
1 н ey: А И A 
or int therefore, revolve round it upon the admission 7 / A 
т of air under pressure by the valve Е. ‘The / f 
| machine is rigged up against the work in a 

; 4 


; late similar fashion to an ordinary ratchet brace, 
and is kept from rotating by the handles H. 
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pressure pipes the motion of the steering 
wheel to the tiller. Since by direct driving 
it would not be possible to obtain suficient 
pressure on the piston to operate the 
tiller, recourse is had to epicyclic gearing 
to effect this object. ‘The gearing ts fitted in 
the hub K of the steering-wheel and comprises 
two pairs of wheels B, C, D, Е in gear with a 
wheel L on the shaft F,and a wheel M attached 
to the frame of the apparatus. The rotation 
of the shaft F for one revolution of the 
steering-wheel A is arranged to be a very 
small amount, thereby producing the requisite 
pressure. A pointer, for the purpose of in- 
dicating the position of the rudder, is operated 
from the shaft №; its rotation is eftected 
by ordinary toothed and bevel gearing from 
the hub K of the steering-wheel. In a recent 
form of Brown's steam steering gear, the 
steering engine is mounted on the tiller with 
the controlling valve co-axial with the rudder- 
post. ‘This valve is operated by means of an 
epicyclic train similar to that shown diagram- 


matically in Fig. 4. The annular wheel is 
mounted on the rudder and to the valve 
spindle is keyed the central whecl, which is 
rotated by means of a planet wheel, the 
driving-arm of which is actuated from the 
steering wheel on the captain’s bridge. 

‘The above examples only serve to indicate 
the wide range of the applications of the 
epicyclic train. Several other uses might be 
mentioned which have either been introduced 
or greatly improved during the last few years. 
Such a list would include mecnanism for 
operating and reversing the tables of printing 
machin <, for regulating the tension of the 
yarn in spinning machinery, for lathes, for 
motor boat propelling apparatus, for hoist- 
ing machinery, for turning turrets in 
warships, for kinematographs and tube- 
expanders. 

The great adaptability of this form of 
gearing will be obvious when the wide scope 
of the applications described and mentioned 
above is considered. 
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ELENIUM, an element be- 
longing to the sulphur group, 
was discovered by Berzelius 
in 1817. This metalloid 
appears, like sulphur, in 
various modifications. When 
newly obtained by precipita- 

tion with acids out of a solution of selenic 

acid, it forms an amorphous, brick-red powder. 

By melting and then slowly cooling this, we 

obtain a black, shining and brittle mass, in 

appearance much like black sealing-wax. In 
this state selenium is almost a non-conductor 
to electricity. The conductivity is improved, 
however, by slowly heating this modification 

to 200° C., when the sclenium assumes a 

crystalline condition, having a grey, metallic- 

looking surface. "This property was first 

observed by Hittorf in 185r. In 1873, 

Willoughby Smith, ап American electrician, 

announced the discovery (made by his 

assistant, M. E. Mayhew) that the element 
selenium in its metallic state possesses the 
wonderful property that its electric resistance 
decreases under the influence of light. He 
expressed his surprise thus :—“ It is certainly 
puzzling to hear a fly walk across a micro- 


phone like a horse over a wooden bridge ; 
but I should consider it as more wonderful 
still to hear a flash of light fall upon a piece 
of metal !” 
1 W. Smith's statements were subsequently 
confirmed by the experiments of many others, 
and Adams found that the greenish-yellow 
rays of light are the most active. He also 
showed that the change of resistance varies 
directly as the square root of the illumination, 
and that the electric resistance is less with a 
high electro-motive force than with a low one. 

Among the first who tricd to put this 
remarkable property of selenium into practical 
use was Werner Siemens. In 1875 he devised 
a * selenium cell," consisting of two platinum 
wires, wound in form of flat spirals, the 
selenium being formed into narrow strips 
between these. In constructing a photometer, 
Siemens successfully obtained selenium cells 
with a sensitiveness up to 15 : І; that is to 
say, the electric resistance of his selenium 
cell decreased in the ratio 15 : 1 when taken 
from the dark and placed in sunlight. 

In 1879, Graham Bell and Sumner Tainter 
were carrying out quite different and highly 
interesting experiments with an apparatus 
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which they called the * Photophone." They 
obtained selenium cells by placing small 
round discs of metal one on top of another, 
inserting thin and smaller discs of mica 
between these, and filling the remaining space 
between the metal discs with selenium. In 
this case the resistance of a cell, which in 
the dark was зоо ohms, decreased in sunlight 
toabout 100—150 ohms. This comparatively 
small sensibility was compensated by the low 
resistance of the cells. 

Many designs and constructions of selenium 
cells have been introduced since, and used in 
various experiments. As early as 1880, 
Perry, Shelford-Bidwell, and others, invented 
apparatus for transmitting photographs by the 
aid of selenium cells; whilst in 1890, Bidwell 
demonstrated, to the London Physical Society, 
the sensitiveness of selenium to light, using an 
apparatus containing selenium cell, sensitive 
relay, and electric bell. 

Up to the present, only two types of 
selenium cell have survived. The flat 
selenium cell, invented by Shelford-Bidwell 
in 1880, consists of a thin porcelain plate, 
about 14 X 2 inches. Оп this plate are 


wound two thin wires, which are kept a- 


certain distance apart by small slots cut in 
the edges of the plate. The selenium. is 
spread on one side only. Kipp & Zonen, 
of Giltay Opvolger.in Delft (Holland), have 
manufactured this cell since 1881. 

The second type, a selenium cell of cylin- 
drical shape with solid porcelain core, is at 
present being manufactured by the Berlin 
electrician E. Ruhmer, who recently suc- 
ceeded, by the aid of his cylindrical cells and 
an up-to-date system of wireless telephony by 
light, in speaking over a distance of more 
than nine nautical miles. 

The above two types of selenium cell are, 
as stated, manufactured with solid porcelain 
cores, and have thus the disadvantage of 
being exposed to the light on one surface 
only The resulting loss of efficiency can 
only be overcome by using selenium cells 
without any core. The manufacture of such 
cells is, however, allied with considerable 
difficulties, and it was only after an enormous 
number of experiments that Mr. C. F. Adolph, 
of 14, Farringdon Road, E.C., succeeded in 
devising three types of selenium cell which 
are exposed to the light on both surfaces. 

The sensibility of a selenium | cell is 
thus increased fully 75 per cent, and the 
change of resistance takes place to the full 
extent almost instantaneously. The cells are 
manufactured in flat, cylindrical and conical 
forms, and do not differ much in sensitiveness : 


each can be employed for ordinary experi- 
ments; where the highest efficiency is 
required, however, it is advisable to choose 
the most suitable form. The flat selenium 
cell, having large plain surfaces, works most 
satisfactorily in diffused light, whilst the 
cylindrical and conical cells show certain 
advantages when fixed in focus of a concen- 
trating lens, or a parabolic mirror. 

The resistance of the selenium cells 
manufactured by C. F. Adolph and Company 
ranges from 2,000 to 60,000 ohms. They 
vary in sensitiveness from 4:1 to 15:1; 
that is, the resistance of a good selenium 
cell decreases in the ratio 15:1 when taken 
from the dark and exposed to bright sunlight. 
The E.M.F. to be used with these cells varies 
for different éxperiments from 2 to бо volts : 
the current should not exceed о'оз amperes. 
This comparatively low amperage is quite 
sufficient to actuate а sensitive galvanometer 
or a telephone receiver, therefore both can be 
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enclosed direct in the circuit of the selenium 
cell and battery. Apparatus requiring a 
stronger current, however, must be worked 
with the assistance of a sensitive relay. 

The selenium cells with plain surfaces 
(Fig. 1) are being manufactured after 
Siemens’ method. Two thin wires are 
formed into flat spirals, and carefully placed 
on a small disc of mica. A thin sheet of 
crystalline selenium is placed on top, and 
the whole is put under slight pressure. This 
arrangement is heated to about 220° С, 
when the melting selenium slowly fills the 
narrow spaces between the two wires. After 
cooling, the cell is placed in a paraffin bath 
and slowly heated to about 180-200° C., when 
the selenium again assumes its crystalline 
condition. ‘To show its sensitiveness to light, 
the cell can either be enclosed in the circuit 
of a battery and sensitive galvanometer, or 
can be put in the circuit of a Wheatstone 
bridge. The resistance of these cells varies 
between 2,000 and 10,000 ohms, and will 
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drop in the ratio 6:1 or 8:1 when the cell is 
exposed to bright sunlight. "The diameter of 
these cells ranges from one inch to two and 
a half inches. 

The “ Photo-microphone " is an apparatus 
used for transmitting speech by the aid of 
light. This apparatus, as illustrated in Fig. 2, 
consists of a highly sensitive selenium cell, 
a manometric capsule with acetylene burner, 
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acetylene flame, which will therefore con- 
tinually alter its intensity: these vibrations 
of the flame can be observed in a rotating 
mirror. The selenium cell being thus 
illuminated, its electric resistance continually 
alters, and the oscillations of the electric 
current actuate the telephone membranes in 
true accordance to the operator’s voice. 
Speaking, singing and whistling can be 
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Fic. 2. —PHoTO-MICROPHONE. 


a large concave mirror on an iron stand, and 
an acetylene generator. The selenium cell 
is connected with a battery of nine dry-cells 
and two telephone receivers by a long double 
cored cord; it faces the small acetylene 
flame, which is fed by the generator. ‘The 
acetylene gas flows through the manometric 
capsule, which is provided with a large 
membrane of mica and a speaking tube. 
Speaking against the membrane will result 
in corresponding vibrations of the small 


distinctly heard again in 
receivers, which 
distant room. 

The vibrating acetylene flame is at the focus 
of a concave mirror, in order to increase the 
illumination of the selenium cell. The 
insertion of a small disc of metal, cardboard, 
etc, between selenium cell and flame, will 
immediately stop the transmission. The 
apparatus will work in diffused daylight as 
well as in the dark. 


the telephone 
should be taken into a 
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RECENT DEVELOPMENTS OF GAS LIGHTING. 
By THOMAS HOLGATE, M.I.C.E. 


HE exhibition of gas appliances 
at Earl’s Court furnishes a 
convenient opportunity for 
directing attention to the 
great strides that, in recent 
years, have been taken in 
the economy and intensity of 

incandescent gas lights. Whilst the system 

of Auer von Welsbach, under normal pressures 
of gas and air, has developed both in the 
burner and in the mantle, yet the most striking 
instances of progress are in those that employ 
the gas or air at a pressure distinctly above 
that of the atmosphere. The advantage of 
using air under a pressure of 33 inches water 
column has been exemplified for some time 
past in the Scott-Snell lamp, and the use of 
gas at a pressure of ro to 15 inches has 
received application by several firms, but the 
recent advances are in the direction of still 
higher pressures. The pressure of the gas in 

the consumer's service pipe is usually about 2 

inches, whilst the new systems, by their special 
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Fic. 1.—SALE-ONsI.OW SYSTEM OF HIGH- 
PRESSURE GAS LIGHTING. 


(Ер. 2) by which a large and 


mechanism, raise that pressure to 
a working maximum of 55 inches, 
equal to 2 pounds per square inch. 
The methods of compressing are 
various, and are represented in 
the types now to be described m 
greater detail. 

The one shown by Messrs. 
Thomas Glover & Co., Limited, is 
the Sale-Onslow system, which, 
Originating at the Royal Gun 
Factories, Woolwich, where it has 
received extended application, has 
been adopted at the Government 
works at Enfield, and at Small 
Heath, Birmingham. ‘The source 
of power at the Exhibition is a 
“Stockport” gas engine, driving 
a “Piftin” positive blower, and 
raising the pressure of the gas to 
42 inches (Fig. 1). 

The gas thus compressed is 
consumed іп  Onslow's burner 
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regulated quantity of air can be 
admitted. Single burners can be 
used up to rooo-candle power. 
The “ Piftin” blower may be 
driven by any convenient motor, 
and when used in workshops is Fig, 2. 

usually operated by a belt from OnsLtow 
the line shaft. In this case the BURNER. 
compression of the gas ceases 

when the machinery stops at meal times 
or at the close of the day's work, and 
then automatically the gas is supplied at low 
pressure. In practice this is found to give as 
much light as is then required, and the 
variation in the number of burners in use or 
the pressure at which it is desired to work 15 
similarly and automatically compensated for 
by a valve which allows the excess of gas to 
be returned to the inlet side of the blower. 

For the result, in comparison with other 
methods of lighting, the makers claim that 
with 35 cubic feet of gas they can give 1000 
candle power for one hour, which with ordinary 
incandescent burners, would require 66 cubic 
feet, and with flat-lame burners 333 cubic 
feet. 

The Millennium Light, which has for a time 
been used in Germany, is now being supplied 
in this country by the British Compressed 
Gas Company. The apparatus consists of a 
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reciprocating pump driven by any approved 
motor, such as a gas engine, electro-motor, or 
running shaft, and the gas thus enforced is 
received in a gas-holder, which in turn operates 
a control upon the motor. ‘The gas-holder 15 
weighted to the desired pressure, and any gas 
delivered into the holder beyond that required 
for use in the burners at work, causes it to rise 


TABLE 


diamond, and is very tough and durable. 
Table I. is condensed from the “ Journal 
fur Gasbeleuchtung,” and the costs are calcu- 
lated from the illuminating powers оп the 
basis of 25. 84. per thousand cubic feet of 
gas, and electricity at 470964. per Board 
of Trade unit, the average ruling prices in 
London and suburbs. 


I. 


per hour 


l | Consumption per hour Cost per 1,000 candles | 


Kind of light Candle power: su EN 
for light 


stated. 


cubic feet 


Millennium (Gas) . 


Ordinary Incandescent. 63 
Bremer (Electric). . 1,000 
Arc (Electric). . . . $00 
Nernst (Electric) . . . 150 
Incandescent (Electric) . 16 


and actuate mechanism which stops the motor, 
or throws the belt on to a loose pulley. "The 
burners are plain tubes and the mantle rods 


are external, whilst the mantles are double 
fabrics and are supplied without stiffening 
compound. 

The mantles may in this form be handled 
and carried about without fear of damage, 
and by “ burning off" and thereby shrinking 
before application to the lamp, the efficiency 
IS increased 13} per cent. over those treated 


for 1,000 
candles. 


cubic feet 


relative. 


In these figures no- 
thing ` is included 
either for mantles in 
the case of gas, or 
carbons and glow 
lamps in the case of 
electricity. 


The following comparison (Table II.) of 
the tenders recently submitted to the West- 
minster City Council relate to the lighting of 
Aldwych, now served by the Millennium 
system. 

The Pharos Light has just been introduced 
into England from Hamburg by Mr. B. A. 
List, as agent for the United Kingdom and 
the United States of America. The larger 
units are intended to take the place of 
electric arcs, whilst in their greater diffusive 


TABLE П. 


The Gaslight and Coke Company (Millennium incandescent gas) . 


Wm. Sugg & Co., Ltd., intensified incandescent gas. 
Scott-Snell Self-Intensifying Gas Lamp Company 
Charing Cross Electricity Supply Corporation 
Metropolitan Electric Supply Company . . . . 


with collodion. It is claimed that under 
working conditions of constant pressure the 
maximum light is maintained for 500 hours 
burning, after which it pays to renew the 
mantle. The light units may be of 30 to 2000- 
candles power, and it 1s for the larger units 
that the system provides maximum advantage. 
Owing to the high state of incandescence and 
the large quantity of heat, the glass for the 
lanterns must be of a specially prepared kind. 
That used is from the Siemens factory at 
Dresden ; it is incapable of being cut by a 


Maintenance and supply 
of light yearly. 


5 ғ. d. 

IS 10 
24 12 
25 0 
27 0 
27 о 


Cost of installation 
per lamp. 


000 Qui 


power and economy it is claimed there is 


considerable advantage. The features that 
distinguish the system from its predecessors 
are to be found in the mode of increasing 
the pressure and in its regulation, and also 
in the measurement of the gas under com- 
pression. The compresser itself is rotary 
(Fig. 3), and is usually mounted close to an 
electric motor; both stand on a rectangular 
vessel that is internally divided into two 
sections, which act as suction and delivery 
chambers. ‘The regulation is accomplished 
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by the return to the inlet of any 
gas in excess of that required for 
immediate use, and the pressure is 
usually тоо mm. of mercury, equal 
to 53'464 inches of water. The |“™Prestor: 


Pressure 
increase by | 


makers claim great compactness in | _ _| 


the apparatus and the absence of 

any gas-bag or gas-holder with its | 39.279 
water-seal, and the maintenance of Uo 
a uniform pressure. The degree 55'988 
of compression is adjusted through 56°775 
a piston regulated by means of | 577500 
a draw-spring, which returns the 
surplus gas from the pressure 
conduit to the suction conduit. А con- 
nection pipe from the suction-chamber to 
the pressure-pipe provides for the feeding of 


4 


| emen ge e | j= eR. 


FiG. 3.—PHAROS COMPRESSER AND CONTROLLER, 
ELECTRICALLY OPERATED. 


the “lighter” flames. The bye-pass, thus pro- 
vided to the small flames underneath the 
principal ones, is controlled by a diaphragm 
which, at high pressure, stops the admission 
of gas, but reopens at normal pressure when 
the supply to the mantle is shut off. The 
diaphragm “lighter” is supplemented with 
dust-removers from gas and air supplies, 
whilst the burners have adjustable mantle- 
holders with horizontal magnesia rods. 

A series of tests carried out by Prof. W. 
Wedding, of the Royal Technical School, 
Charlottenburg, were made to ascertain the 
efficiency of the compresser in the conversion 
of energy and of its constancy in pressure 
under varying demands for gas. The results 
of these tests are given in Table III. 

The initial pressure from the town main 
was 2°85 inches water-column, in which term 


TABLE III. 


Con- | Work done 
‘Maximum | Pressure | sumption of in 
variation of | on suction | current in | compression 
Board of joules 
Trade ипиз. per hour. 


Gas 
compressed 
per hour in 


cubic feet, | Pressure: flange. 


321°375 | 9°39 “417 188,700 
250°743 O'3I "535 155,200 
190°706 | 0°31 "574 i 122,300 
129' 96 0°27 '732 c 83, 
64:628 O' I9 "gut & 42,200 
none O' I9 Ht : == 


the pressures given in the tables are stated. 
The consumption of current represents about 
1d. per hour, whether the machine is running 
idle or at full capacity, and this is not largely 
exceeded at overload, as shown by Table IV. 
The latter tests were made with the bye-pass 
closed, when, of course, higher pressures and 
greater volumes of gas were dealt with. Pro- 
fessor Wedding states that, where gas from the 
compressed service was suddenly withdrawn, 
reducing the amount from 271 to 137 cubic 
feet, burners in the close vicinity of the 
apparatus were not visibly affected. 


TABLE IV. (W. Wedding). 


Con- Con- Work done 
Pressure on| Pressure | sumption of | sumption by 
outlet of | on inlet of of current | compresser 
compresser.|compresser| per hour at | in В.Т. in joules 
1785 ins. units. per hour. 


441°45 * 208 257,000 
409' 56 $ 282,000 
388'47 i 306,000 
32543 k 330,000 
31077 346,000 


TABLE V. 


Measured 
Cubic feet candle- 
of gas used wer 
per hour. ritish 
candles. 


Particulars of test and 
authority for the larger 
original return. 


The gas was com- 
pressed to 1400 mm. 


306 


k = &5'r2 dns. The 
450 tests were made 
in the Government 


591 '! | Physical Labora- 
8 : tory, Hamburg, 
95 under Dr. С. Jensen 
. and W. Volge, en- 

1297 ріпеег. 


The fact that on the inlet to the com- 
presser there was always a pressure above 
K 
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atmospheric, shows 
the possibility of 
supplying ordinary 
gas lights, whether 
flat flame or incan- 
descent, without 
oscillation and from 
the same gas meter. 
The lamps in which 
the high pressure 1s 
utilised are de- 
signed to shield the 
eve from the direct 
light by providing 
large diffusing sur- 


Fic. 4. —PHAROS WORKSHOP faces. 
LAMP. The apparatus of 


the Air Light Com- 
pany, Limited, is novel in several of its 
features, and is, in the * Century" light, 
arranged for increasing the pressure of the 
air supply, as distinguished 
from most other systems P~ 
where the gas 15 compressed 
(Fig. 5). The object of gas 
compression is to induce 
an increased flow of air to 
the burner; the same re- 
sult is attained by the 
“Century,” through direct 
action upon the air supply. 
To accomplish this purpose 
a small incrementof pressure 
above that of the atmosphere 
is all that is employed, 
where conduits of sufficient 
sectional area are per- 
missible. These conduits 
may be of wood, or of thin 
sheet metal, as in any case 
leakage is not of any 
moment, and the only 
essential required is that 
they should give only a 
small resistance. Where 
this is complied with, 
the pressure used is only 
one-tenth to one-fifüeth of ап 
water-column, and this impetus may be 
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Fic. 5.—'* CENTURY" AIR PROPELLER. 


Fic. 6.—COMPRESSER, CONTROLLER, AND GASHOLDER OF THE 


inch of 


most conveniently given by a fan driven by 
an electric motor, or water-jet working a 
Pelton wheel. The air is delivered in an 
annulus around the gas nozzle, thereby in- 
ducing the flow of the gas, and mingling 
intimately therewith before reaching the 
burner-head ; according to the Companv's 
patent No. 13670, of 1904, the supplementary 
air around the mantle may be furnished from 
the air-conduit. The fan is without any 
regulating device, because the air-supplies to 
the burners are never shut off, and therefore 
the quantity of air flowing is constant, the fan 
being stopped when the last light is shut off. 

Another method of achieving the same 
end, zz., the production of до candles per 
cubic foot of gas consumed, is provided by 
the same Company under the name of “ The 
Permetor” (Fig.6). Like the Selas system (see 
TkcHNics, Vol. I., page 544), a mixture of gas 
and air is placed under pressure and delivered 
to the incandescent burner. This 
previous admixture of two 
volumes of air to one of gas is 
accomplished by a rotating 
cylinder, which receives in one 
orifice, on its periphery, one 
volume of air, next one of gas, 


and thirdly another of air. 
These are then mingled and 
ас — 
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** PERMETOR" SYSTEM. 


compressed into a storage-holder, weighted 
to give the desired pressure of three inches, 
and fitted with a 
device by which, 
when sufficient of 
the mixture is 
stored, the electric 
current is switched 
off from the motor 
of the mixer and 
compresser ; when 
the stock of gas 
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falls, the switch 
is put on again. 
In conse- 
quence of the 
delivery, at an 
enhanced pres- 
sure, of both 
gas and air to 
the burner- 
nozzle, the in- 
gathering of 
the remaining 
proportion of 
air necessary 
to secure 
complete com- 
bustion is 
facilitated. 
The next 
class of incan- 
descent lights 
to claim atten- 
tion is that 
in which по 
mechanical 
appliances are 
employed, but 
where the air and gas are pre-heated by the 
products of combustion. This type, as made 
by A. E. Podmore & Co., is shown in Fig. 7, 
which is almost self-explanatory. The cold 
air, admitted to a chamber above the mantle 
and special glass chimney, is heated en route 
to the two descension tubes, and thence to the 
burner mixing tube, where it meets the gas, 
likewise heated in a small tube placed within 
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Fic. 7.—THE ‘‘ PODMORE” 
RECUPERATIVE LAMP. 
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Fic. 8.—“ STAR” INVERTED BURNER 
WITH BYE-PASS. 


one of the air descension tubes. As the 
volume of air required for primary combustion 
is about six times that of the gas, it is mani- 
festly of greater economy to heat the former 
than the latter. The glass chimney already 
referred to is shaped so as to direct the 
supplementary air on to the apex of the 
mantle, where, normally, the temperature is 
lowest. The quantity of gas may be adjusted 
by a screw, as shown, and the suction of both 


Fic. 9.—THE ‘t HANWELL” FLEXIBLE TURE 
PENDANT, ADAPTED TO INVERTED BURNER. 


air and gas into the mantle is aided bya 
metal chimney surmounting that of glass. 
The whole arrangement permits of convenient 
suspension of the lamp, and the carrying of 
the reflector so as to throw the light down- 
wards at useful angles. 

The great advantage of a concentration of 
hght downwards, just mentioned, is recognised 
in the inverted type of burner, of which we 
illustrate that made by the Star Inverted Incan- 
descent Burner Company. ‘The fact that air 
and gas must be delivered against gravity to 
the interior of the mantle requires that extra 
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Fic. 10.— ** DARWIN” SYST. 


B,B, atr inlets. A, gas supply. 
D, mixing chamber. 


precautions shall be taken to 
prevent “ striking back.” If the 
products of combustion be 
allowed to enter the air channels, 
the carbonic acid and water 
vapour which they contain will 
check combustion, instead of 
aiding it as pure air will do. 
These fundamental considera- 
tions have been embodied by 
“the air supply being taken cold 
from the outer circumference of 


the coronet of the burner through 1 


three air tubes, whilst the air and 
gas admitted through the tubes 
to the mixing chamber are con- 
veyed to the point of combustion 
in such a way that the explosive 
mixture is not reached " (Fig. 8). 
The mantle is held by a ring 
made as a bayonet joint, and the 
products of combustion must 
pass through the fabric of the 
mantle, and so raise its tempera- 
ture to mcandescence before 
passing away mto the atmo- 
sphere. 

The combination with the 
lamp of a bye-pass light and of 
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the * Hanwell” 
nsing and falling 
pendant makes 
the convenience 
of its use very 
considerable, 
whilst the small 
units and the 
graceful designs 
that are made 
possible, add 
decorative. effects 
akin to those of 
{һе electric. glow 
lamps (Fig. 9). 
The original 
application of the 
Hanwell pendant \ 
just referred. to | 7 
has been de- | 
veloped, so that it 
may be used with — Fic. 11.—THE ** GLOBE” 
upright burners. INCLINED BURNER. 
For these an 
elliptical harp is fitted with a detachable clip, 
with a brass stamping that carries an ordinary 
ые or silk lampshade. The stamping 
| Мт is adjustable, so that the shade- 
| holder may be raised or lowered 
| to suit various lengths of burners. 
The use of flexible metallic 
tubing in the pendant enables a 
simple gas-tight cofduit to be 
maintained, whilst varying the 
distance from 3 ft. 7 in. to 
7 ft. 3 in. from the ceiling. 
When used with ап inverted 
burner the thumb piece of the 
cock is fitted with vulcanite, and 
the movement of the shade and 
lamp as a whole may be made 
by a touch of the fingers without 
excessive heat, even 
after several hours of 
use. The parallelism 
with electric glow lamps 
already mentioned is 
extended by this simple 
device. 
ко ча The “ Darwin" light 
60,\54HK of the Wright and Butler 
Manufacturing Com- 


| 10 GRAD 

| 96\39 HK pany, whilst being made 

| ! for single burners, has 

| distinct advantages for 
28,55 HK application to groups of 

|, burners. It is provided 


Fic. 12.—* Witt” UNDERLIGHT with a mixing chamber 
BURNER. of iarge capacity to 
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serve a number of inverted 
burners of predetermined magni- 
tude. The mixing of the gas 
and air is facilitated by wire- 
gauze, which prevents striking 
back, as shown in section, 
Fig. то. 

The Globe light shown in 
Fig. тї possesses a special 
feature in its working, either as 
a vertical, inverted, or inclined 
burner. The mixing of gas and 
air is effected in the ball-like 
chamber, where the gas enters at 
the top and the air at the side 
orifices. The prolongation of 
the tripod outside the tube, within 
the glass globe, for the purpose 
of holding the collar of the 
mantle, is also shown. 

The burner and its mantle 
will withstand considerable vibra- 
tion, and the brass adapters 
supplied enable the light to be 
applied to existing gas brackets 
or pendants. 

The “Witt” patent underlight 
burner is shown in Fig. r2, 
and is intended to secure a more uniform 
spherical illuminating power than usual. 
For this purpose the space between the 
burner head and the mantle is left unob- 
structed by any metal work, and to provide 
a support to the mantle an outer ring encloses 
it. The burner head is of smaller diameter 
than usual, being large enough to hold the 
mantle fork, but the gas is dispersed around 
the circumference of the tube, and not out at 
the top. As a contrast, the “ Kern" burner 
in many of its forms is fitted with a perforated 
husk, which, added to the large diameter of 
the burner head, interposes a large obstruction 
tolight, which it is the aim of the Witt 
System to avoid. ‘Table VI. gives the results 
of photometric measurements by Dr. Carl 
Meyer and Dr. C. Enoch, who sign as 
Chemists of the Berlin Board of Commerce, 
relative to the distribution of light at various 


TABLE 


Witt Original 


ucr- 


Angle tested. 


28°55 | 0°49 
36°33 | 6°04 
60°54 | 26°14 
101°40 | 96°07 


Vertically . š 
Angle of 10 degrees . 
Angle of 25 degrees . 
Horizontally . 


FIG. 13.—GUNNING'S 
CLOCKWORK LIGHTER. 


Burner. | Weisbach. 
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angles which are shown іп 
Fig. 12. 

The quantity of gas used in 
each test is not stated, but there 
is no doubt from actual in- 
spection that the light in a 
vertical direction and at small 
angles with the vertical is much 
improved by the Witt arrange- 
ment. 

The various systems of light- 
ing thus far mentioned are 
equally applicable for indoor 
and outdoor lighting, but those 
that follow find their chief place 
in public street lamps. 

The Gunning automatic lighter 
(Fig. 13), exhibited by the Auto- 
matic Light Controlling Company, 
is actuated by clockwork, and is 
fitted with a spring capable, when 
wound up once per week, of 
igniting and extinguishing the 
light at predetermined hours 
each day. Not only so, but it 
may be used to turn off a portion 
of a group of lights at, say, 
midnight, allowing the others 
to remain alight until a later hour; or, again, 
it may be used to give light for several hours 
in the evening and several hours in the 
morning, with an unlighted interval. All 
these are operated by arms that may be fixed 
at various points upon the rim of a graduated 
wheel, gearing into a toothed wheel fixed 
upon the plug of the gas cock, the position of 
the arms being set each week to the required 
hours by the man when winding up the 
clock. Вуе-раѕѕ flames are used to effect 
ignition. 

The Rotary Meter Syndicate, Limited, are 
showing meters (Fig. 14) capable of measuring 
air and other gases with considerable accuracy, 
without incurring large capital expenditure. 
The value of this fact extends in two direc- 
tions, enabling meters, on the one hand, to 
be applied to each separate gas-fire or other 
small apparatus, and on the other enabling 


VI. 


Auer Auer 
System, system, 
I sieve. 2 sieves. 


0°40 : The illuminating 
4°46 Е powers are given in 
19°96 : IIefner candles each 
= '88 English candle. 
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large volumes of gas or air to furnaces to be 
measured, which would otherwise entail pro- 
hibitive cost for the meter and its proper 
housing. Ordinary wet or dry meters are 
unsuitable for dusty gases or vapours, but the 
facility with which the “ Rotary” may be 
installed in duplicate, and the ease with 
which the mechanism can be taken out and 
replaced by a clean one in a few hours, 
constitute a great recommendation. ‘The 


working, as there are no leather diaphragms 
or water seals ; and the moving parts being 
subjected in all parts to approximately the 
same pressures, are in equilibrium. On view 
is a rotary meter of about three inches 
diameter and similar height, passing gas asa 
check through a test meter e route to a gas 
fire, showing its applicability to determine 
the discount due to a consumer where there 
exists a differential rate for heating gas. 


Fic. 14.—THORP’S PATENT ROTARY METER. 


meter has been used in a variety of works 
for some time past, so that it may be regarded 
as having passed the experimental stage. 
Its small dimensions, small weight and low 
cost make it applicable where the meter 
complying with the Sales of Gas Act would 
not be eligible. ‘The rotary meter depends 
upon the movement of a frictionless set of 
vanes, and the vertical shaft therefrom gears 
into an index and is read in the ordinary 
manner. ‘The pressure at which the gas is 
passed through the meter does not affect its 


A new device in connection with pre- 
payment gas meters is the change-giving mech- 
anism (Fig. 15) of Messrs. Rotherham & Sons. 
When a penny is used in the gas meter It 
falls into the change-giving attachment and 
records itself upon a dial placed there for 
the purpose. When the dial shows that six 
pennies are in the box (but not before) à 
sixpenny piece can be inserted in the slot 
under the lever provided, and the ring neat 
it pulled forward. The six coppers will pe 
be released and the sixpenny coin will fal 
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into the locked-up box -provided at the 
bottom. The ring must then be pushed 
back home, and the mechanism is ready to 
repeat the operation. After the dial records 
that six coppers are in the box a seventh 
and an eighth may be used for obtaining gas, 
but then it is necessary that six of them must 
be relieved by a sixpence before any more 
gas can be obtained. The collection of large 
quantities of copper coins has created a 
difficulty to both the consumer and the gas 
supplier, which the device mentioned, intelli- 
gently used, may be able to avoid. It is 
obvious that the principle is capable of 
extension to shillings or coins of other 
denomination. 

S. Cutler & Sons have introduced to this 
country from Germany the “Ados” carbonic 
acid recorder. It may be used for testing 
the chimney gases from settings of retorts, 
boilers, and other plant where an excess or 
deficiency of air is suspected, and also for 
ascertaining the CO, content of producer 
gas, Mond gas, blue water gas, or carburetted 
water gas. The importance of such a con- 
tinuous record can scarcely be over-estimated, 
and if the instrument fulfils expectations it 
will open the way to progress in many indus- 
trial operations. The one guiding factor in 
the matters above mentioned is carbonic 
acid, and recognising th» importance of a 
record, several machines have previously 
been devised, most of them depending upon 
the varying specific gravity of the chimney 
gases. Such a method restricts the applica- 
bility of the principle, which appears to be 
more fully available in an absorption ap- 
paratus. It is upon this latter principle 
that the “Ados " works, and it consists in its 
mechanism essentially of four parts. 

I. The motor, which is the large holder 
shown in Fig. 16. This acts by virtue 
of the chimney draught, which exerts its 
power through the flexible tube, and its rate 
of action is determined by the extent to 
which the cock upon it is open. ‘The rising 
and falling of this holder affects the gear 
upon the disc above it, and therewith the 
two smaller holders alongside. 

2. The last-named holders receive the 
sample of gas to be tested, rising and falling 
alternately, drawing the gases and then forcing 
them into the absorption vessels, which are 
supplied with a solution of caustic alkali 
(potash or soda). 

3. The absorption vessels, having absorbed 
the CO, in the gas, cause a reduction in 
volume. 

4. The recorder, by a pen moved by 


the extremity of a lever, marks upon a 
paper, fastened round a drum, the percentage 
volume that has been absorbed. 

The number of tests per hour is under 
control, and may be varied to suit the times 
of a water-gas “run,” or any other cycle of 
operations affecting the percentage of carbonic 
acid produced. 

The loss of fuel when chimney gases con- 
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FIG. 15.—CHANGE-GIVING PREPAYMENT Gas 
METER. 


tain a lower percentage than the theoretical 
maximum of 21 per cent. of CO, depends 
upon the percentage of hydrogen in the fuel 
used, and also upon the percentage of carbon 
monoxide present in the chimney gases; 
the latter, caused by insufficiency of air, 
being even more objectionable than excess 
of air. 

The Rotary Meter Syndicate are exhibiting 
a carbonic acid indicator which depends 
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upon the absorption of the CO, by caustic 
alkali, measuring the rate of flow to the 
absorber by a float gauge, and similarly the 
outflow by another float gauge. The difference 


in the two rates shows the percentage of 
CO, absorbed at the moment of observa- 
tion. It is intended for use with water-gas 
plants. 


(Zo be continued.) 


THE TEAZLE AND ITS COMPETITORS. 


By H. HIELD. 


H 


TEAZLE HEADS USED IN THE TEXTILE INDUSTRIES. 


B 
|G 
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The scale at the side ts in inches. 


A—King Teazle, for seals, rugs, reversibles, etc. 

B—G Teazle, for blankets, beavers, pilots, etc. 

C—O eade) for light blankets, rugs, medium cloths, broad 
cloths. 

D—P Teazle, for unions and other fine-napped cloths. 


ROM the time of Richard the 
First the teazle has been 
cultivated for industrial uses, 
and has beenan indispensable 
tool to the dressers of woollen 
and worsted cloths. The 


following article is intended 
to give a comprehensive account of its struc- 
ture, use, etc., together with details of its 
more recent competitors. "The teazle plant 
belongs to the natural order Dipsacce, 
and when full grown reaches a height of four 
to six feet. The head, which grows a dense 
cluster of very small flowers, forms the only 
part of the plant which is of use. 


E—P.T. Teazle, for mantle cloths and flannels. 

F—T Teazle, for very thin mantle and dress goods and gloves. 

G- - Button ‘Teazle, to be used with C, D or К. 

H—Cut Teazle, for the rotary gig, for blankets, felts, 
flannels, etc. 


Fig. 1 shows a drawing of the cultivated 
variety of teazle, Dipsacus fullonum: this 
is the variety alone used in commerce. 1t will 
be seen that the head forms a slightly tapering 
cylinder, being composed of a large number 
of curved awns springing from a thick woody 
core, Each of these awns is armed with a 
very fine hook at the extremity, and one and 
all grow with-the hooks pointing downwards, 
all at about the same angle. It is in the 
interstices between the awns that the tiny 
flowers grow when in bloom, and here also 
are formed the curiously shaped seeds (see 
Fig. 2). After the flowers have bloomed and 
died away, the teazle hardens, and loses its 
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Fic. 2. 
TEAzLE SEEDS. 


Fic. 1.—CuLtivaTED TEAZLE 
(Dipsacus fullonum). 


fluids, from the action of the sun; when 
properly grown and cured it forms an ideal 
instrument for raising the wool on a fabric 
into what is technically known as a “ nap.” A 
specimen teazle, properly grown, forms such 
a perfect cylinder that it appears more like a 
piece of man’s handiwork than that of Nature. 
Figs. A to H, at the head of this article, are 
reproduced from photographs of selected 
specimens, and show the general sizes in use. 
Besides the finely-developed hook, the shape 
of each individual awn seems specially con- 
structed to combine elasticity with strength 
and lightness. 

Fig. 4 shows the contour of the awn, and 
also the V-shaped groove running up the 
centre. This groove materially adds to its 
strength, and is itself a device often used in 
mechanical construction. One other notable 
feature about the growing plant is the large 
double leaves which form a cup around the 
stem ; this forms a most efficient reservoir 
for moisture, playing an important part in 
collecting and storing it for the plant's use. 

Fig. 3 shows the common wild teazle, 
Dipsacus sylvestris. The general structure 
is much on the same principle, but the awns 
of the wild variety are much longer and more 
slender, besides having only a very small and 
weak hook. Тһе teazle requires two years 
to come to maturity, and after the first year 
is thinned out, which is known as “ spittling." 
During the second year the plants commence 
to run—that is, to tbrow up the long flower- 
bearing stem ; in the autumn they are ready 


for cutting and curing.  Teazles require a 
good rich soil, and are supposed to take 
considerable nutriment out of it. The plants 
are very easy to grow, but very uncertain as 
to the result when they are harvested ; thus 
teazle-growing is a very precarious following, 
as the crop is either made or marred, accord- 
ing to the weather after flowering. While 
good soil is essential for strong growth, fine 
dry weather is indispensable for good curing, 
and a wet weck coming at the cutting time is 
sufficient to ruin the crop. 

Some teazles are grown here in England, 
but our climate is not suitable for them, on 
account of its vagaries. France, Austria, and 
America now send considerable quantities 
over, France being specially noted for the 
large king teazles, while America has a 
reputation for the smaller kinds. Formerly 
teazles were sent to the consumer just as 
packed by the grower: now they are usually 
sorted and graded up according to their 
various qualities. To anyone unacquainted 
with the trade, sorting would scem a very 
simple business. Un- 
doubtedly, separating 
them into sizes is 
easy, but the mere 
fact of size is apart 
altogether from 
strength of awn, den- 
sity of head, elasticity, 
and other little points 
which require experi- 
ence and a trained 
hand and eye. We 
now have to consider 
the uses they are put 
to, and the methods 
of using them. 

Formerly, when 
nothing but broad- 
cloth was worn by 
the well-to-do classes, 
teazles were used on 
a much more exten- 
sive scale, as the 
teazle head was the only means of forming 
that soft, silky face which the fine cloths 
were noted for. Before the 
introduction of the teazle gig, 
all the raising was done by 
hand, the teazles being set in 
handles of the shape shown in 
Fig. 5. With one of these in 
each hand, the workman made long sweeping 
strokes across the surface of the tightly- 
stretched fabric, drawing the wool out of the 
cloth, and leaving it to form a soft velvet-like 


Fic. 3.—WILD TEAZLE. 
(Dipsacus sylvestris.) 
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surface. The great art 
of raising was to get a 
thick, even cover, with- 
out marks or streaks of 
any description, and not 
to pull the wool off. The 
structure of the teazle is 
admirably adapted for 
this, as while the hooks 
are keen enough to grip 
the fibres, the awns are 
FIG. 5.—TEAZLE Ж 
HEADS FITTED inro SO elastic as to bend and 
HANDLE. release them rather than 
drag them away. This 
keenness and spring constitute the most 
valuable properties of the teazle, and for 
certain classes of material teazles are yet 
superior to any mechanism that has been 
invented. 
Fig. 6 shows the old-fashioned frame used 
for cross raising; this was known as a "crow"; 
and the cloth was hooked on for about four 
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Fic. 6.—OLD-FASHIONED FRAME (THE “ Свом") 
USED FOR CLOTH NAP RAISING. 


yards at each selvedge. A, A are two long 
beams carrying teeth, and constructed with 
hinges to lift up when the cloth is to be 
released. After hooking the fabric on at 
both sides, the jaws were secured and 

the central beam, which was shaped 

like an inverted V, was raised by A 
means of a rack and pinion. This 
strained the cloth tight, as shown in 
the figure, so that two men could 
work, one at each side. The straining 
beam is marked B in the diagram. 
All the work done on this frame was @ 
of course along the weft way of the 
cloth; this was necessary, so as to get 


a thick mossy 
cover On, very 
ful in the 
bottom. 

Following 
this came 
raising the 
cloth in the 
direction of 
the warp on 
the frame 
known as the 
* Nelly" (see 
Fig. 7). Here 
two wooden 
rollers were fixed in a frame about a yard and 
a half distant from each other; the cloth was 
passed through a long slit in the lower 
roller and the end wrapped around the upper. 
Both rollers were then turned by handles in 
opposite directions until a suitable strain was 
got on the fabric, ratchets and pawls to each 
roller keeping the tension required. Then 
the workmen used the handles again, but this 
time in the direction of the warp. After this 
came the invention of the rotary gig, which 
is still used, with very little modification from 
the form used fifty years ago. With the gig 
the teazles were set in a long iron frame, 
a diagram of which is shown, together 
with the section, in Fig. 8. After setting, 
twenty-four of these frames were mounted on 
the circumference of a large iron cylinder, 
and the cloth to be raised had to travel over 
this while the cylinder was revolving in the 
opposite direction. 

Fig. 9 shows the method of mounting these 
frames on the cylinder: Fig. то gives a 
diagram explaining the general working of 
the machine. Aisthe large cylinder carrying 
the rods. The cloth in the form of an endless 
band travels over the small rollers F, F, down 
and under the roller B. This last roller, 
which is known as the “ breast” roller, works 
with a rack and pinion, so that it can be 
quickly raised or lowered; lowering it presses 
a larger area of the fabric on the teazles 
and increases the raising action, while raising 


Fic. 7.—THE '' NELLY." 


Fic. 8.—FRAME FOR CARRYING TEAZLE HEADS. 
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Fic. 9.— To ILLUSTRATE METHOD OF MOUNTING 
FRAMES ON CYLINDER, 


the roller diminishes this. The cloth, after 
passing round this breast roller and over 
the teazles, is then Grawn by the rollers C 
over the top of the gig and the roller D, and 
down again to where it started. E is a lattice 
belt or “seray” on which the cloth falls, and 
this is kept gently moving by ratchets, so as 
to carry the folds of the cloth forward again 
to the cylinder. 

In filling the frames with the teazle heads, 
or, as it is called, “setting the teazles," 
the first operation is to. well soak the teazles 
in water overnight; this softens them and 
makes the handfing much easier. After this 
the stems are clipped off to within about 
two and a half inches, by а boy technically 
called a * carper lad" ; he then passes them 
on to the man who sets them. ‘This setting 
used to be in itself a separate trade, and 
required no mean skill to fit the teazles 
in tightly and get them all on the same 
level. It will be obvious to anyone that if 
one teazle projects from the surface more 
than another it will exert more raising power, 
and so cause a streak in the cloth. 


Fic. r1. —WiIRE CARD. 
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If Fig. 8 is referred to, the method of fixing 
the teazles in the frame will be plain. The 
frame itself consists of a concave bar at the top, 
into which the head of the teazle is pressed, 
while the bottom is built of two parallel rods 
half an inch apart, through which the stalks 
of the teazles are passed. Every couple of 
feet a small iron crossbar is riveted, to give 
rigidity to the whole. It will be seen that 
the frames are rather wider than any size of 
teazle excepting the largest "kings," so that a 
second and smaller teazle requires to be 
wedged in between the first one and the rod: 
a glance zt Fig. 8 will explain this. The pro- 


Еҥ; 12.—CARD-RAISING ROLLER. 


jecting stems of the teazles were sliced 
off with a keen knife when the frame 
was filled. After setting, the teazles 
require drying to allow them to recover 
their normal strength and sharpness ; 
when newly set, they are known to the 
trade as “ breakers.” 

Teazles are very frequently used in a 
wet state, particularly for very soft 
goods which will not stand much work. 
When wetted, the awn of the teazle is 
much more elastic and gives to the cloth 
instead of tearing off the wool, while on 
drying it regains its former shape and stiff- 
ness. The gig cylinder when full holds 


twenty-four frames, and it is a common thing 
to have frames of different strengths set 
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КІС. 10.— To ILLUSTRATE METHOD OF WORKING 
RorARgY TEAZLE GIG. 


alternately ; that is, one frame set with new 
teazles, and the next containing “ used” 
teazles in it. By these means any degree 
of sharpness or softness could be obtained, 
from a keen new teazle which would attack 
the hardest of material, to old and blunt ones 
which would only act as a brush. 

In mills where much raising was done there 
were usually some hundreds of frames, all of 
them sorted out according to their different 
strengths, and forming perhaps about a dozen 
different grades. With some makes of cloth 
raising was an operation taking up not hours 
but days, the cloth being alternately changed 
first one end up and then the other. This 
was to ensure even raising, and to avoid streaks 
which were bound to develop unless the 
position of the fabric was changed. With 
this in view it was the custom to guide the 
cloth by hand across the face of the raising 
cylinder, so as to vary its position on the 
teazles ; in recent years a patent has been 
taken out to attain the same end by giving 
the axle of the cylinder a reciprocating move- 
ment. 
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inches in diameter апа about 
seventy inches long are covered 
with wire cards, the card clothing 
being in the form of narrow ribbons 
which are wound on to the rollers 
in a spiral form (see Fig. r2). 
Twenty of these covered rollers are 
then mounted on bearings on the 
circumference of a large cylinder; 
this cylinder is then caused to re- 
volve against the surface of the 
cloth, while the rollers have a 
contrary motion given to them by 
means of a pulley on each and a 
belt. This will be made clearer by 
glancing at Fig. 13, which shows 
the general principle. A is the large 
cylinder moving in the direction of 


Fic. 13.—To ILLUSTRATE ACTION OF CARD-RAISING MACHINE. the arrows, while B, B are the card 


We now have to review the teazle’s com- 
petitors: these are the different makes of 
steel and brass card and card-raising machines. 
_ Wire cards are not at all new, as card raising 

gigs "were used forty years аро; but it is only 

comparatively recently that cards have been 
employed in a scientific manner. Before en- 
largi ng on this, a brief description of the cards 
themselves will be necessary ; each of these 
consists of a short brush of steel or brass 
wires having a flexible backing of cotton and 
rubber. The combination of the two is very 
essential to form a good back, as while the 
cotton prevents stretching and loss of shape, 
the rubber holds the wires firm and prevents 
the possibility of their working loose. 

Fig. тт shows a section of card clothing 
and also the layers of cotton cloth and rubber 
at the base. The wires are U-shaped ; 
a view of the back is 
given showing how 


M 9; 
modern сага-га151пр N 
machine, which is now 


the teazle's most for- 
midable competitor, is 
constructed on lines 
which approximate 
more nearly to the | 
action of the teazle 

itself, that is, to engage 

with the wool and then 

release it rather than 

pull it off. The man- 

'" ner in which this is 

effected and the con-  ZExxzz 
struction is as follows: «aede: 


a number of rollers III wee о ооо ө зо. FLOOR SPACE I2 ыы eee 
Fic. 14.—DIAGRAM OF CARD-RAISING MACHINE. 


about three to four 
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rollers revolving in the contrary 
way (also see arrows). ‘The rate of revolu- 
tion of the small rollers can be modified 
to any extent, and it will be obvious that 
while the motion of the large cylinder 
cauaes the cards to engage with the cloth, the 
contrary or backward revolutions of the 
rollers cause the teeth to release it. The rate 
of backward motion given to the rollers can 
be increased until the raising power is nil: 
that is, the backward motion exactly neutra- 
lises the forward motion of the cylinder. By 
altering the speed of the belt which drives 
the small rollers, any degree of raising power 
can be obtained, from the most gentle action 
suitable for very soft goods, to the keen raising 
required for hard cotton material. 
This is the nearest approach to the natural 
action of the teazle that has yet been attained ; 
but although this machine answers admirably 
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for some fabrics, there are 
others which must be raised 


commence with, the top and 
bottom of each teazle is cut 


by means of the teazle. Опе Fic. 15.—TkazLEs Моохткр cleanly off in the manner shown 


great feature of the teazle is the 
minute hooks at the end of the 
awns; these have the property 
of taking hold of a single fibre 
and drawing it out, while the 
cards, not having the hooks to 
engage with tbe wool, have 
more of a dragging action. 
For the raising of plain cotton 
cloths into the well-known 
flannelette, the card-raisers are 
a long way the best; in fact, 
the flannelette trade may be 
said to be dependent on the 
action of cards to get the soft 
woolly nap on, which is so well 
known. There are several 
types of card raising machines, 
the details of which would take up too much 
space if gone into here. Fig. 14 isa diagram, 
and Fig. 18 a picture of one made by Tomlin- 
son's, Limited, of Rochdale, to whose cougesy 
I am indebted for the illustrations. 

The latest method of utilising the teazle is 
in what is known as the * spindle gig," where 
very delicate raising is required (see Fig. 17). 
In this machine the teazles are set in altogether 
a different way from any other raising gig. To 
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Fic. 10.— Го ILLUstrRALUE- 
RAISING CAPACITY CONFERRED 
НҮ OBLIQUE ARRANGEMENT 
OF SPINDLES. 
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in the illustration of specimens 
(p. 73), where H is a teazle 
ready cut. After this is done 
the woody core of the teazle 
has a hole bored carefully 
through it, and three or four 
teazles are mounted on a steel 
spindle (see Fig. 15). 

The teazles are kept in posi- 
tion on the spindle by means 
of leather washers pushed on 
to the spindle while wet; these 
contract on drying, and prevent 
the teazles slipping or working 
loose. A large number of these 
spindles with the teazles on are 
then mounted on to the circum- 
ference of a cylinder, the ends 
of the spindles being placed in brackets which 
allow them to revolve freely. 

The spindles in their brackets are not 
arranged parallel with the axis of the cylinder, 
but slightly at an angle, so that while the 
cylinder revolves in contact with the fabric 
to be raised, the teazles on their spindles 
revolve backwards by the pressure of the 
cloth, and so release the wool. If the 
spindles were arranged perfectly parallel to 
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Fic. 17.—SPINDLE GIG FOR RAISING NAP OF VERY DELICATE FABRICS. 
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the cylinder axis, they would have no raising 
power: the teazles would simply revolve 
without engaging with the wool in the slightest. 
It is the diagonal setting of the spindles which 
confers the raising power, and this will readily 
be seen by glancing at Fig. 16. This repre- 
sents а spindle seen in the perpendicular ; in 
this position the teazles are exactly in the 
same position as when set in the ordinary 
gig. This is the position for exerting the 
maximum raising power; if the spindle is 
inclined at the angles numbered r, 2, and. 3 
in the diagram, the raising action diminishes 
as the spindle leaves the perpendicular, and 
vanishes altogether when it attains the hori- 
zontal at 3. | 
This form of machine, which is shown in 
full in Fig. 17, is naturally only intended for 
very soft material, which would easily be 
damaged by having the wool dragged off, 
and which would not be suitable for raising 
on the ordinary teazle gig. Ву varying the 
inclination of the spindles any gradation of 
slip can be given to the teazle, making it of 
use for the most flimsy and delicate of fabrics. 
With the raising of heavy cloths on the old 


teazle gig, water and steam played important 
parts, a steam box being fitted overhead (see 
G, Fig. 10), so that the cloth had to travel 
over this on its way to the teazle cylinder. 
By blowing steam into the fabric during 
working, the wool fibres were softened and 
the wool was kept on the cloth instead of 
being dragged off to make flocks. If the 
teazles were very sharp and keen, they were 
frequently wetted ; this increased their elasticity 
and made their action on the cloth more 
gentle, besides helping to make them last 
longer. After wetting and drying the teazle 
will always regain its former sharpness, and if 
crushed will to a certain extent go back 
to its original shape. Unless some new 
mechanical device is invented, able to imitate 
the teazle’s hook, combined with its spring 
and elasticity, there is little chance of it being 
superseded, for woollen goods at any rate. 

I am indebted for the fine range of specimen 
teazles to the courtesy of Messrs. McLaughlin 
Brothers, of New York and Leeds, and for 
the illustrations of the three machines, Figs. 
14 and 17 and 18, to Messrs. Tomlinson’s, 
Limited, Rochdale, who are the makers. 


Fic. 18.—FELT-NAP RAISING MACHINE, WITH 14 ROLLERS. 
The speed can be varied from 70 to 120 revolutions per minute, according to the requirements of the fabric. 


SPECIAL DEVICES USED IN 


WEAVING. 


Part III.—AwNTIi-FRiCTION DEVICES FOR PIRN WINDING MACHINES. 


[44 Nights Reserved.) 


By HARRY NISBET, Head of the Weaving and Designing Department, Municipal 
Technical School, Bolton. 


HE flattening, glazing, and 
sometimes abrasion of yarn 
constitute the worst evils, and 
those which are most liable 
to occur, during pirn wind- 
ing, especially when this 
operation is accomplished by 

means of any form of metal pirn cups. Yet, 
notwithstanding their admitted defects, pirn 
cups of one form or another, and of different 
materials, have been in general изе, probably, 
since the introduction of power looms, and 
are, perhaps, more extensively employed at 
the present time than all the numerous 
“improved ” substitutions combined. This 
circumstance, so far from indicating either 
an exaggerated estimate of the serious char- 
acter of those faults, or want of energy and 
enterprise on the part of textile machinists and 
inventors, serves all the more to emphasise 
the mechanical difficulties which the solution 
of those problems presents; for, perhaps, no 
other type of winding machine has received 
so much attention from inventors with a 
view to preventing, or at least minimising, 
its evil effects upon yarn. ‘This has resulted 
in the invention of innumerable devices with 
that object. Many of these, of which some 
are in actual use, bear unmistakable evidence 
of insufficient reflection on the part of their 
inventors, who have attempted to solve the 
problem by constructing devices based on 
entirely wrong lines, as will be hereafter 
shown. On the other hand, some of thefn 
possess undoubted merit, and accomplish their 
object with varying degrees of success; but 
their cost 15 frequently so much greater than 
that of the ordinary simple pirn 
cup winding machine, as to prevent 
their general adoption; and many 
manufacturers prefer to submit to 
the inconveniences of imperfect 
machinery and appliances, when 
they would willingly incur any 
reasonable expenditure for im- 
proved machinery that would ensure 
superior results without materially 
increasing the cost of production. 
Before investigating those special 
devices, it will be helpful to briefly 
consider the action of an ordinary 


pirn cup winding machine, as illustrated 
in Figs. 9, ro, and 11, to better under- 
stand the causes. of the evils usually 
associated with it. [п such a machine, 
bobbins are built up with yarn as they revolve 
within cast-iron pirn cups H, having a very 
smooth interior surface in the form of a cone 
that is counter to that of a bobbin head. A 
pirn cup is represented in Fig. 12, where 
A is a front, B a side, and C a plan view. 
Bobbins G are rotated at a uniform velocity 
by means of spindles E, surmounted with a 
heavy head-piece F, furnished on the under- 
side with two projecting lugs, that fit ina 
groove formed in the bobbin head. The 
lower half of spindle shanks, which are rect- 
angular in cross-section, are inserted in rect- 
angular holes, passing central through 
wharves D, which are driven by means of 
cotton bands C and a tin drum B. Threads 
pass over guide rails T, and through vertical 
gaps formed in the pirn cups, on to their 
respective bobbins. Guide rails T are caused 
to rise and fall at a slow uniform velocity, 
whereby yarn is coiled between the extremities 
of a bobbin cone in a close spiral formation. 
Guide rails are variously controlled in different 
machines. In the machine here represented, 
they are actuated 
by means of a 
grooved cam L, p--— 
fixed upon a short и 

side shaft К, to 
which is also se- 
cured a worm 
wheel I, gearing 
with, and driven 


L 
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FIG. 10.—PART FRONT ELEVATION OF 
A PiRN Сор WINDING MACHINE. 


by, a worm J, fixed at one end of the 
tin drum shaft A. The cam acts upon a 
runner M, carried by a stud fixed to a sliding 
ral N, to which is imparted a lateral 
reciprocal motion. Two vertical slots О, 
formed one on each side of the sliding 
ral N, act upon a runner P, secured 
to an arm Q, set-screwed to the end of 
a rod R, which extends for the whole 
length of the machine, and on which are 
fixed, at intervals, a number of brackets S, 
to support the guide rail T. 
Thus, as cam L revolves, guide 
rails T rise and fall alternately, 
in a manner determined by the 
formation of the cam. 

As winding proceeds, yarn is 
placed in a series of successive 
conical layers, each one being 
placed over the preceding layer, 
but a little further removed from 
the bobbin head. In conse- 
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a bobbin as it revolves within а 
confined conical chamber, the 
bobbin and its spindle are 


gradually forced upward by the l D eee 


resistance of the pirn cup as 


successive layers of yarn are N === — FO] 
added ; and herein lies the cause = у H 


of yam becoming glazed and 
flattened by its constant friction 
and pressure against the side 
of the cup. With most pirn 
winding machines, a certain 
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amount of pressure, as well as tension of yarn, 
is necessary during winding, to ensure yarn 
being wound with a sufficient degree of com- 
pactness ; otherwise, if it is wound too soft, 
it will be liable to break bodily asunder by 
the concussion of a shuttle during weaving; 
on the other hand, if too much pressure is 
applied to yarn, it will increase its frictional 
resistance against the pirn cup, and accentuate 
the evils named. 

The tendency of yarn to glaze or burnish 
varies according to circumstances, and is 


greater with yarn dyed in the more sombre 


tones of colour, and with the less soluble 
dyes, which leave it somewhat harsh and 
rough. Even when the weight of a spindle 
is such as will scarcely ensure the requisite 
degree of compactness of yarn, the frictional 
resistance of the latter against the pirn cup is 
sometimes so excessive as to cause its abra- 
sion. The effect of *shaded" and glazed yarn 
in cloth is so objectionable that pirn bobbins 
are sometimes “boxed,” Ze, assorted into 
three or four lots, before being supplied to 
weavers. Those which are least affected are 
used for superior qualities, and those most 
affected for inferior qualities of cloth. 
Various methods have been devised with 
a view to preventing excessive friction upon 
yarn during winding. Pirn cups constructed 
of glass have been tried without success, and 
cast-iron cups enamelled and glazed on the 
inside have been equally unsuccessful. This 
would appear to show conclusively that rigid 
and stationary cups of any material are un- 
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This conclu- 


suitable. 
sion. appears to have 
been acted upon by the 
designer of Boyd's pirn 
winding machine, illus- 


trated in Figs. 13 and 
14, which show an end 
elevation and part plan 
of that machine, re- 


а 
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Nie 


Fic. 1 


spectively, in which spindles G are arranged 
horizontally and in such manner that alternate 
pindles drive bobbins I on one side, and 
spindles drive. bobbins on the 
other side of the machine. Spindles are each 
furnished with a headpiece Н, and an elongated 
A headpiece is provided 
with two lugs that fit 
into a groove formed 
in a bobbin head, and 
also with a short pin 
that enters a bobbin 
and ensures the latter 
properly centering upon 
its spindle as it revolves 
within a рїп cup J. 
Long wharves are, fixed 
upon spindles to permit 
of their recession, and 
yet retain their driving 
bands E, as bobbins 


intermediate 


wharve or pulley F. 


Fic. 12.— PIRN CUP. 
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Fic. 14.—PART PLAN or Bovp's PIRN WINDING MACHINE. 


fill with yarn. The driving bands E 
transmit motion to spindles G from a tin 
driving drum B on shaft A, which also con- 
tains the driving and loose pulleys. Ап 
auxiliary tin drum D, on shaft C (which is 
positively driven by tooth gearing, from shaft 
А), serves to increase the driving efficiency 
of the bands by increasing their arc of con- 
tact with drum B, and also by its direct in- 
fluence upon them. Wharves F are each 
situated within a frame or carriage P, 
which moves laterally with its spindle. 
The rear end of each frame carries a 
pin Q, which serves both as fulcrum and 
connecting point for an arm R, from 
the free end of which depends a rod 
S, on which are placed small weights 
T. As a spindle and its carriage re- 
cede, ‘a сгоѕѕ-ріесе U, on rod S, slides up 
long inclined brackets у, until it reaches the 
summit (by which time a bobbin i IS full), when 
it slides quickly down to the bottom of the 
short incline (as indicated by dotted lines), 
thereby carrying the spindle backward and 
releasing it from the filled bobbin, which 
automatically stops, although the spindle 
continues to revolve. To start a fresh bobbin 
an operative raises arm К, and pulls it for- 
ward to bring up a spindle to the bobbin. A 
spindle is temporarily stopped by gripping its 
wharve to permit of the headpiece H being 
inserted in a bobbin head. By incrcasing or 
reducing the number of weights T on rod S, 
a greater or lesser degree of pressure may be 
applied to bobbins during winding, to suit 
the varying requirements of different kinds 
of yarn. 

A distinctive feature of this machine, and 
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Fic. 16.—PART FRONT ELEVATION ОЕ HACKING’S Disc PIRN WINDING MACHINE 


one which gives superior results to those 
usually obtained in an ordinary pirn winding 
machine, is the method of supporting the pirn 
cups J, which are of cast iron. An enlarged 
side and plan view of a pirn cup are shown 
in the inset, in Fig. 13. Instead of fixing the 
cups rigidly,theyare freely supported in frames 
L, which span an outer groove K, formed 
in each cup to hold them in position. This 
ingenious method of retaining cups gives 
them a certain degree of flexibility in their 
supports, and permits of their readily yielding 
to any side pressure that may arise from 
such causes as imperfect alignment of spindles 
and cups, crooked bobbins, or other irregu- 
larity ; whereas, in an ordinary pirn winding 
machine with fixed cups, if the centres of 


cups and wharves are not in perfect alignment, 
or if spindles are slightly bent, as they are 
so liable to become, bobbins do not bear 
evenly against the cup sides, but bind more 
or less to one side, with injurious effect. 
Another favourable circumstance, which tends 
to minimise the glazing of yarn, is afforded 
by the horizontal arrangement of spindles, 
whereby the gradually increasing weight of.a 
bobbin, as it fills with yarn, does not cause 
additional pressure of yarn against the pirn 
cup (as it does when spindles are vertical, as 
in an ordinary pirn winding machine), but 
maintains a uniform pressure throughout. 
This may appear a trivial matter, but when 
one is striving after perfection, details may 
not be lightly ignored. It has been well said 
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that * trifles make perfection ; and perfection 
Is no trifle." 

Many inventors have sought to avert the 
evils of pim winding by discarding the 
stationary cups in any of their forms, 
and substituting anti-friction devices in the 
shape of either bevelled discs, or conical 
bowls or rollers, against which bobbins 
revolve, so as to provide a rolling, instead of 
a stationary surface contact with yarn. These 
devices have assumed various forms, and in 
one form or another they appear to give 
better results than are generally obtained by 
the use of pim cups. Still, although the 
principle of a rolling contact may be good, it 
is frequently misapplied. | Some machines 
are constructed to drive bobbins by their 
surface contact with either driving discs or 
driving bowls ; whilst in others, bobbins are 
driven in the usual manner by means of a 
tin drum, cotton bands, wharves, and spindles, 
whilst bevelled discs, or conical rollers, are 
employed to merely serve the function of a 
pirn cup to bolster up bobbins, апа shape 
them. But, whatever form these anti-friction 
devices may take, and however they may be 
applied, their success entirely depends upon 
the surface velocity of a disc or bowl, and a 
bobbin cone, exactly coinciding at all points 
of their contact with each other. "This may 
only be secured by shaping the discs or bowls 
so that their circumferences vary in exactly 
the same ratio as that of a bobbin cone, 
along their line of contact. It is because 
this condition is only approximately secured, 
and in many cases actually reversed, that 


anti-friction devices frequently fail to accom- 
plish the object for which they were designed. 

Figs. 15 and 16 show a side and front 
elevation, respectively, of parts of a bevelled 
disc pirn winding machine made by Hacking 
& Co., and is the same machine as that to 
which is applied the differential driving 
motion represented in Fig. 6, which appeared, 
and was described, in the December issue of 
'TEcHNICs. In this machine, it will be remem- 
bered, bobbins N are driven by surface 
contact with bevelled discs M, fixed upon 
driving shafts K. A bobbin is firmly held 
against a disc by its spindle, which is supported 
at the top by a head-piece P, and at the 
bottom by a bolster Q. As a bobbin fills 
with yarn, it is forced upward automatically 
by the resistance offered by a disc. It is 
evident, therefore, that whilst allowing fora 
certain amount of frictional resistance of a 
bobbin against its disc, the amount will be 
small in comparison with that of a stationary 
pirn cup. Nevertheless, this machine is 
sometimes productive of both glazed and 
flattened yarn. ‘The tendency to these 
defects may arise from two causes, namely, 
(1), the frictional resistance of a spindle in its 
bearings in the head-piece and bolster; and 
(2), the position of a spindle in relation to a 
disc, whereby the axis of the former is situated 
out of the centre of the latter (so as to get 
a spindle and bobbin clear of the driving 
shaft K) instead of being radial to it. Con- 
sequently, as a disc revolves, it exerts a slight 
rubbing action upon yarn, and tends to lift 
a bobbin instead of rolling freely against it. 


(Zo be continued.) 


ERRATUM.— In Теснміс5, Vol. II., No. 11, November, 1904, p. 484, seventh line from bottom of first column, 


for ** velocity of spindles ” read ** velocity of bobbins.” 


A NEW INVERTED GAS BURNER. 


THE latest addition to the rapidly swelling 
host of inverted burners is the K burner, 
which has just been put on the market by 
Messrs. Moffat’s, Ltd., of 155, Farringdon 
Road, E.C. The object aimed at in the 
design of this burner is to secure a hivh 
velocity of gas flow together with a pure air 
supply. The air is not admitted to the 
Bunsen tube immediately above the burncr, 
where it would be vitiated by mixture with 
the waste gases from the flame, but at orifices 


in a horizontal arm extending to some distance 
from the burner, “Phe air intake 15 direct 
and unimpeded, апа the downward flow in 
the Bunsen tube is relatively short, so that с 
high velocity is imparted to the mixture of 
air and gas, thus improving the light and 
preventing “ striking back.” ‘The light emitted 
isof about gocandle-power, Bya ruthless clim- 
ination of all unnecessary details, the cost of 
the burnerhas been reduced toa very low figure, 


while nothing is sacrificed as regards cfficiency, 


INSULATION AND INSULATORS. 


By HAROLD D. SYMONS. 


Paper read before the Students’ Section of the Institution of Electrical 
Engineers, April 27th, 1904. 


Part I.—INSULATION. 

HE question of insulation is 
one of tremendous import- 
ance, although very little 
attention seems to be paid 
to it by engineers; the 
amount of literature. on this 
subject is small, and manu- 

facturers of insulating compounds experiment 
with various materials, but do not publish 
their results. This retards progress consider- 
ably, as many are probably going over the 
same ground as that covered by others, and 
making the same errors: the only remedy 
to this unfortunate state of affairs would 
seem to be the revision of our patent laws, 
as there is not much doubt that many 
insulators and methods of manufacture 
are not patented for fear of the ease 
with which the penalties of infringement 
can be evaded, and with those that are 
patented the specification is often very 
different from the article as placed on the 
market. : 

The essential features of dielectrics for 
different purposes vary considerably ; but it 
may be summed up that a good dielectric 
should have :— 

1. High puncture resistance. 

2. Good insulation resistance. 

3. Low specific inductive capacity. 

4. Flexibility. 

5. Must not ab- 
sorb moisture. 
= 6. Mechanical 
strength. 

7. Must not con- 
tain air holes. 

8. Withstand 
variations of tem- 
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perature. | 
9. Should be ё" 
chemically inert. 
то. Should not be TN 
brittle. 
ir, Preferably o 
should not be in- Cms. "036 '072 
flammable, and be Layers 1 2 


unaffected by acids 
or alkalies. 


12. Should remain permanent as to its 
electrical properties. 

With telegraph cables puncture resistance 
Is not necessary, nor is it essential that they 
should withstand high temperatures; it is 
not an advantage to have too high an insu- 
lation resistance, as if this is low the leakage 
currents tend to wipe out the effect of 
inductive capacity and help to make signal- 
ling more rapid. "The inductive capacity, 
however, should be low : this latter remark 
also applies to telephone cables. 

It is questionable whether it is advan- 
tageous to have either a high or low 
inductive capacity for power cables, but 
whichever is most advantageous, it should 
remain constant; should a cable vary con- 
siderably in inductive capacity after laying, 
it is probably an indication that the dielectric 
is absorbing moisture. 

High puncture resistance or disruptive 
strength is a very necessary quality in a 
dielectric. The best analogy to it is that of a 
loaded beam; a beam may be so loaded 
that it breaks down immediately on the 
stress being applied, or withstands the strain 
for some time before breaking down: with a 
loaded beam the breakdown is caused by 
mechanical rupture, whereas with dielectrics 
which are punctured by a certain voltage, 
the breakdown is more often due to а 
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charring of the material 
than to mechanical 
rupture. Some dielectrics, 
when  punctured, seem 
to give way by actual 
disintegration ; thisusually 
shows, however, that the 
material is not of a 
homogeneous character. 
High puncture resist- 
ance is by no means an 
inherent quality of dielec- 
trics; a cable may have 
a good insulation as 
regards its ohmic resist- 
ance, but a very low dis- 
ruptive strength: to ob- 
tain high disruptive ayers І 
strength the specific in- 
ductive capacity must be 
homogeneous throughout 
the dielectric, as particles of higher specific 
inductive capacity in a matrix of lower specific 
inductive capacity tend to set themselves in the 
plane of highest potential slope, and produce 
a fault under high potential stress. This is not 
a hard-and-fast rule, as a dielectric may con- 
tain a very small percentage of a substance 
of a different specific inductive capacity 
without affecting its disruptive strength ; 
this, however, depends upon the relation 
of one to the other: Mr. O'Gorman's method 
of grading the inductive capacity of a cable 
dielectric was to reduce the extreme strain- 
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ing of the insulation of a high voltage cable, . 


as for any definite-sized conductor it has 
been found impossible to increase the 
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Disc Electrodes. Temperature 17°C. Wave form, nearly Sine Curve. 
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Fic, 2.—'* BERRITE" FABRIC No. 2. 
Disc Electrodes. Temperature 17°C. Wave form, nearly Sine Curve. 


puncture resistance of the cable beyond a 
certain point, no matter how much extra 
thickness is added. 

If mica be covered with a layer of any 
insulating oil, its puncture resistance is 
reduced considerably. This is not because of 
the difference of the specific inductive capaci- 
ties, but for quite another reason: the oil 
under the electrodes has a lower disruptive 
strength than the mica, and breaks down first ; 
at the point where the oil breaks down it 
carbonises, becoming a conductor for the 
time being, and intensifies the electrical stress 
on the mica just at the point where the oil 
has broken down, and the mica punctures 
at a very much lower voltage. 

It is for the very same 
reason that press-spahn 
has a higher puncture 
resistance than press- 
spahn with a coating of 
insulating varnish. Many 
manufacturers of dynamo 
electric machines are at 
a loss to understand why 
this is so, whereas, on 
applying the same insu- 
lating varnish to cotton, 
tape, or paper, the puncture 
resistance 15 increased. 
Cotton, tape, and paper 
are much more hygro- 
scopic than press-spahn, 
and the insulating varnish 
enters into the small air 
holes and capillary tubes, 
rendering them non-hygro- 
scopic, thereby increasing 
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the puncture resistance, and 
making them less likely to 
absorb moisture; coating 
press-spahn with an insu- 
lating varnish renders it less 
likely to absorb moisture, 
but reduces the puncture 
resistance. ‘The author, in 
carrying out some puncture 
resistance tests on various 
dielectrics, pasted tinfoil on 
either side of the specimens, 
and found that this appar- 
ently reduced the disruptive 
strength enormously; but 
the dielectrics broke down 
at approximately the same 
voltage as they did when 
. tested between a plate and a 
point, thus helping to prove 
what has been stated above. 
The actual break-down 

point, however, is very 
difficult to determine; the 
puncture resistance will 
vary with :—- 

I. Frequency. 

2. Temperature. 

3. Shape of wave. 

4. Nature of electrodes. 

5. Length of time pressure is applied. 


Breakdown Pressure, Volts (so Cycles). 


In every series of tests, the above particulars 
should be given ; the wave form should be a 
sine curve, and the electrodes plates, but 
slightly curved at the edges, to prevent undue 
stress produced by a sharp edge; the pres- 
sure of the plates on the dielectric does not 
apparently affect the result. 
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Fic. 4.—BRIGHT YELLOW OILED CLOTH No. 1. 


Many dielectrics, if maintained at a volt- 
age slightly lower than that at which they 
break down immediately on the pressure 
being applied, will break down at the lower 
voltage if this is maintained for a few minutes. 
The author is of the opinion that the actual 
break - down voltage should be that which 
punctures the material immediately on being 
applied; in making such a test it may, of 
course, happen that the voltage might just 
be applied at the instant when it is at its 
maximum value ; but a series of tests should 
be made to determine the exact voltage ; this 
would help to make tests on various dielec- 

trics more comparable, 
but it is, and always 
pu will be, difficult to 
obtain the same break- 
399000 down point for two 
samples of the same 


Esse à material; this is prob- 
= + ably due to the fact 
ES E 20,000 € that no two samples 
: V 
BIN © are homogeneous 
` 
Ed X through 
150,000 Ф t oug out. 
LET ET 3 That this is so is 


10,000" Shown by the fact that, 
with a dielectric of 
high puncture resist- 
ance, as the break- 
down voltage is 
approached there will 
be more or less sur- 
lace leakage; and the 


as ы r AV — Zu» 


Insulation and Insulators 89 


dielectric sometimes breaks down at a place 
some considerable distance from the plates, 
there being a weak spot which gives way 
under the stress before the potential difference 
is high enough to puncture it between the 
plates. 

This surface leakage undoubtedly adds 
uncertainty to the results, but it is difficult to 
see how it can be avoided; it has been: 
advocated by some experimenters that the 
puncture resistance should be taken with 
the electrodes and dielectric immersed in 
oil; this prevents surface leakage, but it is 
not testing the dielectric under working 


conditions, and it is almost a benefit that - 


dielectrics have this surface leakage, as it 
may in some cases prevent breakdown. 

Messrs. Canfield & 
Robinson (see Elec. 
Eng. N. Y., Vol. XVII., 
p. 280) suggest that 
the dielectric and 
plates before test 
should be immersed 
in hot paraffin wax, 
thenremovedand tests 
carried out as soon as 
the wax has set; this 
also prevents surface 
leakage, but the hot 
wax may have an in- 
jurious effect upon the 
dielectric. 

The following table 
is taken from the 
results of their tests, o 2 
thus carried out on 
mica ; as will be seen, 
it does not seem to Р 
make their results more uniform, and for the 
reason already suggested, it is possible that 
surface leakage may be an advantage rather 
than not. 

Increase of frequency would seem to pro- 
duce an increase of puncture resistance, 
dielectrics under high frequencies not breaking 
down as with lower frequencies of the same 
potential; this may be due to a difference in 
the wave form, a “ peaky " wave being more 
liable to pierce a dielectric than a sine wave: 
break-down tests with induction coils or Wims- 
hurst machines are not of much value, a trans- 
former being far preferable, as it is possible 
to actually obtain a * power " discharge. 

Increase of temperature of fibrous materials 
and oils increases their disruptive strength 
within limits, the moisture they contain being 
gradually driven off; it cannot be said, how- 
ever, that this is the case with all dielectrics, 
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Thicknesses. E.M.F 

Mica, without parafhn wax 1°9 3,200 
» ээ 9 99 3°4 7,600 
Mica, with paraffin wax 1'7 5,000 
ээ ээ 99 ээ 2° 5,700 

93 39 99 ээ 2'7 5,900 

» » » » 32 6,200 

» » » » 3'4 6,800 

99 99 ээ 93 4°6 4,800 

33 99 ээ ээ 5° I 6, ТОО 


and certainly not with many impregnated 
materials, where heating means that impreg- 
nating compounds will tend to leave the 
material: speaking generally, it may be said 
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that increase of temperature decreases punc- 
ture resistance. 

High temperature, if continued for some 
considerable time, may have a very serious 
effect on insulators, as it will tend to dis- 
integrate them. C. E. Skinner, in a paper 
before the American Institution of Electrical 
Engineers,* very clearly shows that con- 
siderable damage may be done to a dielec- 
tric by subjecting it to a high alternating 
potential stress, without any signs of the 
damage done being apparent: with all tests on 
dielectrics for disruptive strength, the plates 
should have a diameter very much larger than 
the thickness of dielectric under test, so that 
the area of potential stress is large, and the 
distribution of electricity on the inner surfaces 


* See Transactions American Institution of Electri- 


cal Engineers, Vol. XIX., p. 1,047. 
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of the plates uniform ; if this is not so, dis- 
crepancies may occur, due to increase of stress, 

As to what law insulators follow with 
regard to the increase. of puncture resistance 
with increasing thickness, is by no means 
certain: many are the experiments. which 
have been carried. out to determine. this, 
but no one seems to have arrived at any 
very definite conclusions. The. author has 
also carried out a great. number of tests 
with varying thicknesses of diclectric, more 
especially with the insulators now on the 
market (see Figs. 1 to 7). 
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sine wave ; there would also be some difficulty 
in measuring the high voltages, and as before 
stated, it is impossible with an induction coil 
to realise a power discharge. 

‘The author is of the opinion that the dis- 
crepancies in. the results of different people's 
tests are due to the dielectrics not being of a 
homogeneous character, but that if samples of 
varying thicknesses of a material could be 
obtained perfectly homogeneous, and their 
dielectric strengths measured in the manner 
indicated in the paper, it would be found that 
up toa certain thickness the increase of disrup- 


With curves Nos. r to 7, however, the — tive strength with increasing thickness would 
increasing — thickness 
was obtained by 30,000 ` 900,000 
placing several layers INL E L LLLI LLL LLLI LLLL: 
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they were very tightly 
compressed, still there 
must have been a thin 
film of air between 


te 


each layer, which of 
course does not make 
these tests absolute. 14,00) 


‘These results are from 
tests made with plates, 
the puncture resistance 
being. that at which 
the substance broke 
down immediately on 
the e.m.f. being ap- 
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plied; the actual a. 18 4 
voltage at break down 
varied a little, but the Fic. 7. 


from the 
about half-a-dozen tests 


Curves are 
mean of 
thickness. 

Dr. Walter, 


of each 


in a series of experiments 
to determine. the. law insulators obey 
with regard to their puncture resistance 
with increasing thickness, used a plate and 
point as electrodes, in conjunction. with 
an induction coil, making about twenty 
breaks a second, and obtained straight line 
laws. 

His results are of extreme interest, and he 
suggests that all break-down tests should be 
carried out in a similar manner to his: this, 
however, would not be of great use, as it is 
not testing the diclectric under working con- 
ditions, and it would be very difficult to 
determine the ratio of the strain under these 
conditions, to that of the same voltage with a 


`6 


Volts per Centimeter, 


`8 1'O 
Thickness of Material, Millimeters. 
—** PRESS-SPAHN? SAMPLE NO, 2 


1'2 1'4 


follow a straight line law. After this poirt, 
surface leakage would be considerable and 
the curve would bend over, but if surface 
leakage could be eliminated, the straight line 
would continue for some considerable dis- 
tance further, and then become a parabolic 
curve: the thickness of dielectric at which 
the straight line law will cease will depend 
on the voltage which will be required to pro- 
duce puncture, and at which surface leakage 
begins to play an important part. 

The author has also endeavoured to carry 
out tests on various thicknesscs of the same 
materials, but has been unable to break down 
samples of any great thickness, as his resources 
only allow of his reaching a maximum of 
25,000 volts, and this has been found quite 
Insufficient. 


(Zo be continued.) 
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Electricity and Magnetism : An Elementary Text- 
Book, Theoretical and Practical. By R. T. Giaze- 
brook, M.A., F.R.S., Director of the National Physical 
Laboratory. pp. viii. + 440. (London: C. J. Clay 
and Sons. 1903.) Price 75. 64. 

This book has been written for those com- 
mencing the study of electricity and magnetism. 
The stvle is concise and lucid, the diagrams are 
admirably adapted to the elucidation of the text, 
and no point of importance which should be 
understood by the elementary student has been 
omitted or slurred over. It is to be regretted, 
however, that the author has not given the 
reader the means of deciding between the con- 
tact theory and the chemical theory of the 
E.M.F. of a cell. According to the contact 
theory, the seat of the E. M.F. of the cell is the 
Junction. between the zinc negative clectrode 
and its copper connecting wire ; on the chemical 
theory the seat of the E.M.F. is at the point or 
points where chemical energy is transformed 
into electrical energy—ze., within the cell itself. 
Everyone interested in obtaining clear ideas on 
the electric circuit must feel deeply indebted to 
Sir Oliver Lodge for the lucid manner in which 
he has argued this disputed point. If the seat 
of the E. M.F. is at the zinc—copper junction, the 
electrical energy is generated at this junction 
when the current flows across it in the direction 
zinc—copper у and a corresponding amount of 
electrical energy must disappear, being changed 
into some other form, when the current is sent 
across the junction in the direction copper— zinc. 
There is no evidence of any chemical action at 
the copper—zinc junction, so that the only form 
into which the electrical energy could be charged 
appears to be heat ; experiment shows that the 
heat produced at the junction is of quite a dif- 
ferent order of magnitude from that required to 
account for the I. M.F. of the cell. Hence it 
appears that the scat of the E. M.F. of a cell is 
Within the cell itself, where the chemical changes 
Occur. Of course pieces of zinc and copper, 
When placed in contact in air, are found to 
acquire electric charges; Sir Oliver Lodge very 
reasonably argues that they should not be con- 
sidered to be at different potentials. Numerous 
experiments have been undertaken in order to 
show that, in a perfect vacuum, no electrical 
Charges would be produced when pieces of zinc 
апа copper are touched together ; but it is im- 
possible to obtain a vacuum anything like good 
enough to settle this point. Brown, of Belfast. 
however, has shown that if the metals are placed 
In contact in sulphuretted hydrogen, the electric 
Charges produced are different from those ob- 
tained when the experiment is performed in air ; 


this result gives support to the theory that the 
charges are produced by chemical action on the 
two metals. Although it has been found impos- 
sible to obtain a complete vacuum (ze. a free 
space absolutely devoid of gascous oxygen), vet 
the matter has been settled in another manner. 
It has been found that if the metals аге placed 
in contact beneath paraffin oil, or any similar 
non-conducting liquid in which water does not 
dissolve, then no charges are produced : this 
result appears to satisfactorily settle the vexed 
question in favour of the chemical theory advo- 
cated by Sir Oliver Lodge. 


Carpet Manufacture. Ву Fred Bradbury, еда 
Master of the Textile Department, Municipal Tech- 
nical Institute, Belfast. pp. 301, мій. three coloured 
plates and 240, other illustrations. (Published by 
the Author, Municipal "Technical. Institute, Belfast, 
Ireland. 1904.) Price 10». net. 

In view of the importance of the * Carpet 
Industry,” it is strange that no work dealing 
with the technicalities of this industry has 
hitherto been published. As it is, Mr. Bradbury's 
book occupies quite a unique position in having 
no competitors. It is impossible to praise too 
highly the way in which the task of writing the 
book has been discharged. The author has 
come into practicaltouch withalmost every detail 
of machinerv described in the book, and the 
illustrations have been sclected from machinery 
in present use. The carpet and rug patterns 
illustrated 1n the plates have been designed and 
woven under the author's supervision at the 
Municipal Technical Schools, Halitax, The 
arrangement of the book is excellent, and no 
pains have been spared to render the illustrations 
as clear and instructive as possible. 


A New Geometry for Schools. By S. Barnard, 
M.A., and J. M. Child, B. A. рр. xxvi. + 514. (Lon- 
don: Macmillan & Co. 1904.) Price gs, net. 

This volume represents an attempt to produce 
a text-book of Elementary Geomctry, complete 
in every detail, and suitable for many classes of 
students. Thus, while due consideration is given 
to the theoretical aspects of the subject, attention 
15 also. devoted. to. practical applications. 
The first section of the book is devoted. to 
preliminary detinitions and explanations; The 
second section is practical in character, and 
contains, amongst other valuable matter, 
those parts of ‘Trigonometry which are of 
most value to the student. The third. section 
is theoretical, and contains ап excellent. sub- 
stitute for Euclid on modern lines. Altogether 
this is a most useful book, and it is sure to be 
popular. 
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to consult the Editor by letter. 
sender, together with a nom de plume for publication. 
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Students wishing for the solution of problems, or assistance in their scientific or technical studies, are invited 


Queries should be accompanied by the name and address of the 
Queries obtained from text-books or examination papers 


should be accompanied by particulars of the sources from which they are derived. Queries should reach us 
before the 10th of the month, to be answered in the next month's issue, Each inquirer is restricted to one 


query per month, 


TEXTILE DESIGN.—Give design, proportion of 
warp and weft, and colours or schemes of the 
following cloths, viz.: 1, Zibeline; 2, Oriental 
cord ; 3, Bamboo cord; 4, Mistral voile; 5, Esta- 
mene; 6, Chevron. 


All these terms describe different varieties of 
worsted dress fabrics. 

I. Zibeline is a variety of fabric characterised 
by a fairly long nap, which imparts a hairy 
appearance to the cloth. The nap is produced 
on the face side of the fabric on which it lies 
flat, and in one direction only, namely, in the 
direction of warp-ends, or lengthwise of the 
piece. Zibelines are produced in both the plain 
or tabby weave, and in twill weaves. Some are 
piece-dyed in various hues, after weaving ; and 
others are produced from yarn spun from 
variously coloured fibres that have been blended 
previous to spinning, so as to create a mingled 
colour effect in both yarn and cloth. 

Ап example of Zibeline of fairly heavy texture 
of the plain weave, for winter wear, contains 
30 warp-ends of 2/16' blended yarn, and 26 
picks of the same kind of yarn, per inch. 
Another example, of light texture of the four- 
end (24) twill weave, for summer wear, contains 
60 warp-ends of 70', and 48 picks of 15° yarn, 
per inch, and is piece-dyed a maroon hue. 

2 and 3. Oriental and Bamboo Cords.—The 
terms Oriental and Bamboo have no technica! 
signification, but are merely employed as 
fanciful trade-names for sale purposes, and to 
distinguish the goods of one merchant from 
similar goods of other merchants; hence, 
similar fabrics are frequently sold under 
different trade-names in different establishments 
and towns. Fabrics of this class are piece-dyed 
in various hues, and distinguished by a fine 
corded effect produced by interweaving fine 
weft with comparatively coarse warp-ends, 
which usually work in pairs. Consecutive picks 
of weft interlace in an opposite manner under 
and over alternate pairs of warp-ends, which 
remain perfectly straight, and thereby develop 
a series of cords, 

An example of cord (dyed black, and sold as 
Bengaline) contains 34 double warp-ends (68 
single threads) of 44" yarn, and 96 picks of 44° 
weft, per inch. Another example (claret 
coloured, and sold as Biarritz) contains 42 
double warp-ends (84 single threads) of 4o' 
yarn, and 200 picks of бо* weft, per inch. 


4. Mistral Voile.—Voiles are dress fabrics of 
light open texture for summer wear, constructed 
on the tabby principle, and piece-dyed in 
various hues, generally of light and bright 
tones. When produced in heavier and more 
open textures they are sold as Canvas. When 
made up into ladies! garments. fabrics of this 
class are sometimes lined with cloth of a 
contrasting colour to that of the voile, with 
very pretty effect. 

An example of voile of medium texture, dyed 
brown, contains 38 warp-ends and picks per 
inch, of 2/56' yarn for both warp and weft. 
Another example, of light texture, dyed pale 
green, contains 50 warp-ends of 2/120" yarn, 
and 42 picks of 2/90o* weft, per inch. 

5. Estamene is a name given to a variety of 
fine serge produced from cross-bred wool, which 
imparts to the cloth a hard, crisp, and springy 
texture. They are piece-dyed in various colours, 


Fic. 


but usually in navy and other dark shades of 
blue, and are based on the four-end (?;) twill 
weave, A good quality of Estamene contains 
бо warp-ends of 2/40' yarn, and бо picks of 
38° weft, per inch. | 

6. Chevron is a trade-name given to a kind 
of serge fabrics of medium texture, which are 
piece-dyed in various colours. They are some- 
times constructed on the basis of a four-end (24) 
twill weave, which is reversed at intervals of 
several warp-ends to produce the well-known 
herring-bone effect, as indicated in Design А 
(Fig. 1). They are also sometimes woven with a 
chequered or dice effect, by reversing the 
direction of twill at either regular or irregular 
intervals of both warp-ends and picks, as 


.—(DEsIGN A—HERRING-BONE EFFECT.) 
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exemplified in Design B. The term Chevron - 


was doubtless suggested by the heraldic bearing 
of that name; or by the zig-zag moulding 
known as the chevron, commonly seen in 
Norman architecture. 

An example of chevron cloth of medium 
texture, produced from Design A, and dyed 
black, contains 40 warp-ends and picks of 
2/28" yarn, per inch. Another example, pro- 
duced from Design B, and dyed dark green, 
contains 32 warp-ends of 2/20° yarn, and 28 
picks of the same kind of yarn, per inch. 

All the foregoing examples have been 
selected as representative of their particular 
classes, but they аге made in a variety of grades 
of both superior and inferior quality, and vary 
in respect of both counts of yarn, and the 
number of threads per inch. The counts of 
yarn in all cases are named on the basis of 
560 yards per hank. 


BALANCE-WHEEL.—Find an expression for the 
time of vibration of the balance-wheel of a watch, 
in terms of the moment of inertia of the wheel, 
together with the dimensions and elasticity of the 
hair-spring. 


The balance-wheel of a watch is in reality a 
small fly-wheel, accurately balanced about its 
supporting axle. The hair-spring is a flat spiral 
spring : the outer end is fixed to the case of the 
watch in such a manner that the direction of 
the terminal element of the spring is constant, 
while the inner end is fixed to the balance-wheel 
(usually near the centre of the latter) in such a 
manner that the inner terminal element makes 
a constant angle with the line joining its point 
of attachment and the centre of the balance- 
wheel. The balance-wheel and hair-spring are 
represented diagrammatically in Fig. 1; in 
practice the hair-spring would comprise a greater 
number of convolutions. The hair-spring is 
hardened and tempered after it has been given 
the requisite spiral shape. Let the spring in 
Fig. 1 be in its unstrained position ; then it is 


obvious that on turning the balance-wheel 
through a small angle in the clockwise direction, 
the spring will be partially uncoiled, and every 
element of it will be partially straightened out ; 
on turning the balance-wheel in an anti-clock- 
wise direction, the spring will be more closely 
coiled up, and the curvature of each element will 
be increased. The restoring force exerted by 
the spring on the balance-wheel is thus called 
into play by the bending of the various elements 
of the spring, and depends, therefore, on the 
Young's modulus of the material of which the 
spring is composed. 

The time of vibration of the balance-wheel 
may be determined by finding the potential 
energy stored in the spring when the balance- 
wheel is at the extremity of an oscillation, and 
equating this to the kinetic energy of the wheel 
as it moves through its position of equilibrium. 
At the extremity of an oscillation the balance- 
wheel is for a moment stationary, and therefore 
possesses no kinetic energy ; as the wheel passes 
through its position of equilibrium, the spring 
for an instant regains its unstrained shape, so 
that at this instant the spring possesses no 
potential energy : if no energy 1s lost in over- 


Fic. 1. —(BArANCE-WHEEL.) 


coming friction, the total energy of the balance- 
wheel and spring must remain constant, and 
therefore the potential energy at the extremity 
of an oscillation is equal to the kinetic energy 
as the balance-wheel passes through its position 
of equilibrium. 

We may assume that the angular displace- 
ment of the balance-wheel is of the simple 
harmonic form. Let OA (Fig. 2) represent, to 
any convenient scale, the maximum angular 
displacement of the balance-wheel from its 
position of equilibrium ; in other words, OA 
represents the amplitude of the angular vibration 
of the balance-wheel. With O as centre, and 
OA as radius, draw the circle ABCD; if we 
suppose a tracing point P to move round the 
circle ABCD at a uniform rate, completing its 
circular path in the time T required for one 
complete oscillation of the balance-wheel, then 
at any given instant the angular displacement 
of the wheel can be found by dropping on OA 
a perpendicular PX from the position P occupied 
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by the tracing point at the instant in question : 
OX is equal to the angular displacement. As 
the tracing point passes through В or D, the 
foot of the perpendicular let fall from it on OA 
passes through О, so that the displacement 
vanishes, or the balance-wheel passes through 
its position of equilibrium, As the tracing point 
moves from P, to P,, two points near to, but on 
opposite sides of B, the angular displacement 
of the wheel changes from OX, to ОХ,. If P, 
and P, are very near to B, the arc P, BP, will be 
practically equal to the straight line X,0X, ; 
and since P,BP, апа X,OX, are described in 
equal times, the angular velocity of the fly-wheel, 
as it passes through its position of equilibrium, 
is equal to the velocity of the tracing point P, 
t.e., to (2r OAYT = (2r 6)/T, if OA (the maxi- 
mum angular displacement of the wheel) is equal 
to 0, while T is the time of one complete angular 
vibration. Let I be the moment of inertia of 
the wheel about its axle ; then if w is the angular 
velocity of the wheel at any instant, its kinetic 
energy will be equal to 510 As the wheel 
passes through its position of equilibrium, 
w = (27 O)/T ; hence at this instant its kinetic 
energy is equal to 


We must now determine the potential energy 
stored in the spring, when the balance-wheel 
attains its maximum angular displacement 6, 
We may assume that each element of the spring 
is bent, but not extended as a whole ; if the 
cross-sectional area of the spring is rectangular, 
the neutral surface 
will be midway 
between the con- 
vex and concave 
sides ofthe spring. 
Let A (Fig. 3) be 
the point of 
attachment of the 


Ce. A spring, and let AB 
Ра be part of the 

D spring in its un- 

Fic. 3.—(BALANCE-WHEEL. strainedcondition, 


AB, being the same part in its strained 
condition, Since the spring is not extended, 
it must be acted on only by a couple at A, 
due to two equal forces F,F, acting parallel 
to cach other, but in opposite directions, 
at a detinite distance apart. The part AB, of 
the spring must be in equilibrium under the 
action. of the couple at A, together with the 
restoring couple produced at B, by the elonga- 
tion of the fibres on the convex side, and the 
compression of the fibres on the concave side of 
the spring. Draw B,CD perpendicular to the 
forces F,F, produced ; then if M represents the 
restoring couple at B,, we must have 


M + F.B,D - F.B,C = 0 
M 4 F.CD-o 


Thus the restoring couple at azy point B, on 
the spring is equal to the couple acting at A; 
consequently all cross-sectional areas of the 
spring will be acted upon by equal restoring 
couples, and all will be strained similarly. 
Consequently the potential energy stored in the 
whole spring, of length 4, will be equal to / 
times that stored in any unit length of the 
spring. 

If opposite forces each equal to f, applied at 
opposite ends of a fibre of area a and of unit 
length, produce an extension /, then Young's 
modulus of the fibre, Y, is given by 


que d neges JS. 
a al’ 
wf = aly 


The work done in elongating the fibre is equal 
to the average opposing force f/2, multiplied by 
the distance / through which the force has been 
overcome. Hence energy stored in the fibre 


-ifi-iYan. 


Let Fig. 4 represent unit length of the spring, 
in its unstrained and strained conditions respec- 
tively. In both cases 
the neutral axis is MÀ 
drawn thus- =- · - ; 
in the unstrained к=» 
condition, the end 21 7 
surfaces of the 4 ф / 
element are inclined ` e |^ / 
at an angle $, while » 
in the strained con- 
dition the inclination \ v^ / 
is equal to $,. The Y 
neutral axis, being \ / 
unstrained, will re- p~ 
main of unit length ; \ / 
thus if R and К, are \ и 
the radii of curvature 
of the neutral axis in v 
the unstrained and FIG. 4. —BALANCE-W HEEL. 
strained conditions of 
the spring respectively, then Кф = К,ф, = r. 
Let Fig. § represent the cross-sectional area 
at either end of the element of the spring; 
let AB represent the section of the neutral 
surface, while the strip CD represents the fibres 
lying at a mean distance x from AB. The 
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original length of the fibres at a distance 
X beyond the neutral axis was (R + x) ф and 
their tinal length, after bending, is (Ri + 2) ф,. 
Hence the extension Z is given by the equation 
Z=(R, +20) ф -(R+2)¢9; 
l= x(h Ф) 

It is easily seen from Fig. 4 that (f, — p) 
represents the increase in the angle between the 
normals to the spring at points unit distance 
apart, due to bending ; since cach unit length 
of the spring is bent to the same extent, in 
order to produce a constant restoring couple, it 
follows that L (p, — $) will represent the in- 
crease in the angles between the normals at 
the two ends of the spring, due to bending, L 
being the length of the spring; Ze. L ($,— 4) 
= 0. Hence 
0 
Ls L 
Let а be the area of the strip CD (Fig. 5). 
Then the energy stored in unit length of the 
fibres of which CD is a cross-section, will be 
equal to 


ушен К ax 


Hence the potential energy per unit length of 
the spring will be equal to 


where Sax? denotes the result obtained by 
dividing any cross-sectional area of the spring 
Into narrow strips parallel to the section of the 
neutral surface, multiplying the area of each 
stip by the square of its distance from the 
neutral surface, and then adding together the 
results so obtained. Thus Zar? obviously 
denotes the moment of inertia of the cross- 
section of the spring, about the section of the 
neutral surface; let Bart =z. Then energy 
per unit length of spring 
_ 17Y6? | 
— "2 L? , 
. Total energy of spring, of length L 
RANT 
2 L Ы 

We have now found the kinctic energy of the 
balance-wheel as it passes through its position 
of equilibrium, and also the potential energy 
stored in the spring at the extremity of an 
angular oscillation of the whecl; equating these, 


we have 
> 2 Y Y 
T L : 
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Since Ó cancels out, the time of vibration 15 
independent of the amplitude, so long as the 
spring is not strained beyond its limits of 
elasticity, Finally 
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COLOUR SENSE. How is it that æ red signal 
light can be seen more distinctly at a distance than 
a green опе ? —/xanunation for Factory Inspectors, 
1902. 

In the first place, the atmosphere is more 
transparent to red-than to green or blue rays ; 
the shorter the wave-length of the rays, the 
more they are scattered by small particles of 
moisture in the air : hence the red colour of the 
sun when setting. Further than this, the mem- 
brane covering the macula lutea of the eye 15 
more transparent to red than to other rays of 
shorter wave-lengths. When a small object 1s 
looked at, its image is formed in the middle of 
the macula lutea; if the small object is red 
(Ze., if it is seen by means of red rays), these 
rays are scarcely absorbed by the membrane 
mentioned above ; if the rays by means of which 
the object is seen are of shorter wave-lengths, 
part of them are absorbed before they can attect 
the sensitive layer of the eye. 


GEOMETRY. Іп {һе plane of a triangle ABC, finda 
point P such that the sum of the squares on AP, 
BP and CP shall be a minimum.—( /aylor’s Euclid, 
p. 160.) 


A 


B M W C 
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Let M be the middle point of B C, and P any 
point in the plane. Join P to A, B, C, and M, 
and draw PN perpendicular to В C or BC 
produced. Then, BM P is obtuse or acute, 
CM P is acute or obtuse, or they are both 
right angle. 

If PM B is obtuse, we get from Euclid (IT. 12) 

PB? = PM*+ BM* + 2 DM.MN. 
and from Euclid (IT. 13). 

PC?  PM* - MC? 2 2 MC.MN. 
Hence 

PB? + PC? = 2PM? + 2 BMP 

It is easily seen that we get the same result 
in the cases where PM B is acute and when a 
right angle. 
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Hence 

PA? + PB? + PC? = 2 BM? + 2 PM? + PA? 
We require then to find the position of P which 
makes PA? + 2 PM? a minimum. Evidently no 
point outside the median AM can give a 
minimum, for setting off AQ — AP, along AM, 
we have МОГ < MP and hence 

2 MQ? + AQ! < 2 МР? + AP? 

By bisecting AB at M,, we can show іп a 
similar manner that P must be on the median 
C M, 

Hence, P must be at the point of intersection 
of the medians. 


(It should be noticed that this gives a proof 
that the three medians are concurrent.) 


SOLID GEOMETRY.—In an isosceles triangle of 
height А and base 2a, a circle is inscribed, and in 
the space left above another circle is inscribed. 
The whole is rotated about the vertical median. 
Find the ratio of the surfaces of the spheres thus 
generated to that of the cone. 


Taking for granted 
that the area of the 
surface of a sphere of 
radius ғ is 477°, and that 
of the curved surface of 
a cone is 5 perimeter of 
base x slant side, the 
problem resolves itself 
into ‘finding the radii 
of the two. inscribed 
circles. 

Let VB bethe median, 
and C and Dthe centres 
of the two circles of 
radii R and >. Drop 
perpendiculars from C 
and D on the slant 
side AV. 

Then from similar 
triangles we have 
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R AB 
УС AV 
‚ R _ a 
“А-В Aat + дЗ 
ЕС. 
А Маъ А +a 
R= Wario) 
4 а 
Арап VD ^ Ved 
r _ a — 
28-7 угур 
DRE SEE eer ee ЖЕ 
(4-2R Ja rà r.a 


es ай ( В T) 
| Ма? + А + а Ма x ё +a 
Y gf. 
SA Ма? + А а 


а To ^. pe о 
(ab E + а)? pd P ay 


If by the surface of the cone is meant the 
curved surface plus the base, we have 
Surface of cone = mav a? + А? + таў, 
Surface of spheres 


Hence І аа 
Surface of cone 


2 _ 2 

ү? (Ма? + А? — а)? S107 + h* — ay 
ene ауаї +h? + а? 

= AA (vat + ау m (Var #- ау} 
= Ж (Мак м - а) + (Va + H - ay). 


HYDROMECHANICS. —If the force аї any point is 
given by a potential Ф, and if a tube of small but 
variable circular section be imagined in the liquid 
the whole pressure upon which is P, prove that 

ФР 

déds 
where r is the radius of the section, and s is 
measured along the axis of the tube.—(Sesant's 
Hydromechanics, page 36.) 


+ 2rpr = 0 


By the whole pressure is meant the sum 
(regardless of direction) of the normal pressures 
on each of the elements. Thus if is the 
pressure at a point, and 8s the element of area 
there, the whole pressure P = és, the summation 
extending over the whole area. 

In the case imagined 


P- Ја + nrp, + пур, 


r, and f, being the radius and pressure at the 
origin end of the tube. 

Since > is given as a small quantity, 7? may 
be neglected in comparison with 7, and hence 


dP 


ар dp 
d MILL = е АЙ 
ап dédi 277 dà 


For equilibrium, we know that 
dp = p(Xdx + Ydy + Zdz) 
must be a perfect differential, and since Ф is the 
potential of the forces 


——Y,—-— —Z. 


If, in addition, the fluid is homogeneous, p is 
a constant, and 


p(Xdx + Ydy + Zdz) = — ар%) = dp. 


Hence = — рф + a constant. 
dp 
and Lz- 
dP 
that —— = = : 
So tha dedi 2Tp*. 


BOOKS ON THE HIGHER MATHEMATICS. —I have 
passed the 5th Stage (1st Class) Board of Education 
Examination in Pure Mathematics, and this year 
ат preparing for the 6th Stage, and the 3rd Stage 
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in Theoretica] Mechanies. Will you kindly re- 
commend books suitable for work in Higher 
Mathematics. 


Hydrostatics : 
75. ба.) 

Dynamics of a Particle: Tait and Steele’s is 
the standard work, but Besant’s Dynamics 
contains quite enough, and is much less diffuse. 
At first reading it would be well to omit a good 
deal of the chapter on “Phoronomy.” It is 
published by Geo. Bell & Sons at тоу, 64. 

Analytical Statics : The new edition of Tod- 
hunters work on this subject, by Everett. 
(Macmillan, тоу. 64.) 

The first volume of Minchin's Statics is also 
excellent. (Clarendon Press.) 
_ Differential Equations: The standard work 
15 by Forsyth (Macmillan, 14s.), and for one 
Seriously studying Higher Mathematics it is 
indispensable. 
„А very good work on ordinary Differential 
Equations is by Page. (Macmillan, 65. 64.) 


ELASTICITY.—If a cylindrical wire of length /, 
us r, made of a material whose simple rigidity 

із и, has one end fixed, whilst the other end is 
turned through a small angle Фф, it can be shown 
Without difficulty that the restoring torque thereby 
developed is 


Greenhill’s, (Macmillan, 


il (approximately). 


If the angle ф is not small, how can the exact 
value of the restoring torque be found ? 


There are several limitations to the generality 
of the formula, but, that ф is necessarily small 
IS 2oZ one of these. The only limit to @ is in 
connection with the elasticity of the material; if 

15 so large that the elastic limit to the 
material has been reached or passed, then the 
Ormula is not true, In other words, while the 
Strain is proportional to the stress the formula 
holds; if $ is so large that this is no longer true, 
In order to find the restoring torque we must 
‘now the new law connecting the stress and 
Strain. Such a law (as far as our present 
knowledge of the constitution of matter extends) 
must be an experimental one, as indeed is the 
law, Strain 

stress 

The difficulty has probably arisen from the 

\уау in which the strain is usually measured— 

vz., by a consideration of the deformation 

produced in an intinitely small element of the 
materia. In this way it is shown that every 
point distant 7 from the axis of the wire under- 
goes a shear, whose plane is parallel to the axis 
of the wire, and | to the plane through the 
point and the axis, whose direction is normal to 


the latter plane, and whose amount is jo It 


= a constant. 


will be seen that the “ very small” refers zo? to Фф, 
but to the element of volume considered in 
hnding the measure of the shear, 
ELECTRICAL.—Given 
C= 


А 1 
R Lg — 
+ t ike 


where V = V, sin #/ and 0 = - prove that 


C= nKV, 
B "4 {(1 - ЗК)? + 2°R?K*} 


1 - «LK 
(Kindly give all the steps.) — Perrzy's Calculus, f. 241, 


x sin LEM - tan-1... 7KR | 


The proof depends on the laws followed by 
the operator 6. It is defined as obeying the 
ordinary algebraic law of Indices, and a 
meaning is then obtained for negative indices, 
Thus 6F(¢) means differentiate F(/) once, 6% F7) 
means differentiate F(¢) three times, and 6-:Е(/) 
means integrate once. Again (0 + a)F(/) has a 
definite meaning, and (0 + а)! must mean that 
operation which undoes the operation (8 + a); 
similarly (02+ að + 6)-! undoes the effect of the 
operation 62+ aĝ + ё on any function. Hence, 
if we can see how to undo the operation 
(0? + a0 + 4)F(t), we can at once write down 
what (02+ a0 + 6)-'F(d) is. 

Generally speaking, this is easy when Е(/) 
is a sine function of the time. 


V KéV 


безаш ene, M 
I KR + KL@ + 1 
R + Lô + р 
Now V = A (У, sin zt). 
Hence 


КУ si t47 ) 
Кулев КУ (+) 
= KR@+ KL? c1. КЕб+К 8? 41 

If, now, we can see how to undo the operation 
(1 + КЕӨ + KL?) sin ( at), 
we can at once write down the required solution. 
Now бп (22+ 7) = и COS c 7) 


and .. @ sin c т) = — и? ѕіп (nt^ 7) 
Hence (1 + KR + KL6?) sin (nt^ E 
— sin ( nt z) {1 - 2 KL) 
+ я КВ cos ( 0+ E 


= А sin 0+ B cos 0 (say) 


а ы ы. А : В 
— /. D 2 ae а ыле, эта, @ 
=A A?-- B RET sin 6 + E ee cos | 


= МА? + B? sin (8 + а). 
For an angle a can always be found such that 


> 
+1 > 
u 


and therefore 
= {апі ... 
Е А 
Putting іп the values of А and B, we sec that 
Oo 


cU e vi et ar ш E 


"hee * Ll Jer „ а ва S дье р 


98 Technics 


(1+ KRÓ + KL &)sin c + z) 


= J/{(1 — KL) + K'R?} 
. т a AKR 
х sin cL : + tan T ик, 
The effect of the given operation is therefore 


: a AKR 
to increase the angle by tan г ot KL 


multiply the sine by A/ { (1 — ж KLP +7? K? К?) 
The effect can therefore be undone by dividing 
by the given quantity and decreasing the angle 


and to 


by the given amount. Hence, 
п KV, T 
Е C / Pus 
CES KRt KLAR Є ш ) 
КМ 
М { (1 — м KL)? + я КК?) 
А To a SER. 
х sin Cu P tan ГЕ кг) 


The value of C obtained is what is called а 
“í particular solution " of the given equation, and 
only holds when the current has attained its 
steady condition, 2.., it is not true just after the 
current has been switched on. 


TWO-PHASE MOTOR.—A two-phase motor is 
found to take much more power in one phase 
than in the other. Detail all the causes you know 
of which may produce this result, and explain 
fully the tests you would make to determine which 
of them (if any) is the true cause.—(City and Guilds 
Electric Lighting and Power Transmission, Honours, 
1904.) 

In searching for the possible causes of one 
phase of a two-phase motor taking more power 
than the other phase, it will be convenient to 
consider the supply circuit and the motor 
separately. Taking the supply circuit first, and 
assuming that the motor does not supply the 
cause, the factors which require consideration 
аге :— 

(1) The pressure of the two phases. 

(2) The phase relationship between the 

currents of the two phases. 

(3) The wave form of the currents of the two 

phases. 


Under normal conditions the two pressures 
would be equal, the two currents would be in 
quadrature with each other, and the wave forms 
of the two currents would be identical. If the 
pressures applied at the terminals of the two 
phases of the motor are not equal, or the two 
currents are not in quadrature, or the wave 
forms of the currents are different, the cause of 
the unequal amounts of power being taken by 
the two phases may be due to defects in the 
generation or in the transmission of the power. 
If faulty construction of the generator be the 
cause, then all the motors in use on the network 
will be affected similarly, and the same phase 
of the supply will in all cases supply (say) more 
power to all the motors than the other. If 
difference in wave form be the cause (this 
can best be determined by means of tests made 


with an oscillograph), it would appear to be due 
to defective construction of the generator, It 
is obvious that if the wave form of the currents 
of the two phases be ditterent, their form-factors 
(2е., the ratios of the virtual values of the 
currents to their arithmetical mean values) will 
be ditterent, and this would give rise to a 
ditference in the readings of the two meters. 

Then, again, the pressures applied to the 
terminals of the motor would be ditferent, and 
the two currents would not be in quadrature 
with each other, if the impedances of the two 
circuits were not the same ; for then the drop in 
the line of one circuit would be different from that 
of the other. A voltmeter test—using zu 
electrostatic voltmeter—will settle the question 
as to the equality, or otherwise, of the applied 
voltage. 

Assuming that the supply circuit does not 
furnish the cause, faulty construction of the 
motor would give rise to a difference of im- 
pedance in the two windings of the motor. 
Difference between the magnitude of the im- 
pedances of the two windings implies either 
unequal resistances or unequal inductances of 
the two windings, since the impedances would 
be different if the two windings were of unequal 
resistances or of unequal inductances, as would 
be the case if the number of turns in the 
windings were not the same. To decide this 
point, the impedances of the two windings 
should be compared by sending through each 
winding separately an alternating current of a 
given intensity at a given frequency, and noting 
—by means of an electrostatic voltmeter—the 
drop in volts across the terminals of each phase. 
If the readings of the voltmeter be the same for 
the same value of the current traversing the 
windings, the impedances of the windings will 
be equal. 

The first test, however, which should be 
made would be to interchange the connections 
of the two-phase circuits at the motor terminals, 
and thus settle whether the cause is in the 
motor itself or is due to the supply circuit. 

The above remarks apply more particularly 
to the case in which the circuits of the two 
phases are perfectly independent of each other. 
Frequently, however, a common or neutral wire 
is introduced to take the place of the two return 
mains, and a two-phase, three-wire system 
is formed. Мо mention is made, in the 
above question, as to the kind of system 
employed. А very interesting case of distortion 
or disarrangement of the pressures occurs when 
a common return or neutral wire is employed 
and the two-phase receiving circuits are in- 
ductive, and which is worthy of consideration, 
as it may probably supply the method ot 
determination as to the true cause of the effect 
under consideration. Let A and B in Fig. 1 (I) 
be the two windings of a two-phase motor, 
which naturally are highly inductive’; and let 
OO, be the common return or neutral wire of 
the two-phase, three-wire system of which r1, 
and 22, are the two phase wires respectively. 
The vectorial diagram of the various pressures 


. 


TIMER Mode nues 


DES T MEM 


Answers to Queries 99 


à 


| 


м„ 
00 
tS 


№ 


Fic. 1.—(Two-PHASE MOTOR.) 


is given in Fig. 1 (II), in which OA and OB- 


represent the E.M.F.’s supplied to the generator 
terminals О, 1 and О, 2. Let Oa and Оё 
represent the currents traversing the phase wires 
11, and 22, respectively, then the current 
traversing the common return wire O,O will be 
represented by the resultant vector Oc. The 


product of this current into the resistance of the - 


common return gives the drop in pressure in 
the neutral wire O,0, which is represented by 
the vectors Az and Вл, (Fig. І (2)) parallel to 
the vector Oc. If we neglect the drop in 


pressure in the phase wires II, and 22,, since 


these have no tendency to distort the two-phase 
pressures, then the resultant vectors Ол and 
Ox, represent respectively the voltages applied 
to the terminals of the phases A and B of the 
motor both in magnitude and phase, and it is 
obvious that the drop in pressure in the neutral 
Wire gives rise to unequal pressures at the 
terminals of the windings of the motor and a 
Phase-relation between these pressures differing 
rom go°, which, as previously mentioned, would 

Sufficient to account for one phase of the 
Motor taking more power than the other. 


INSULATION TESTING.— What is the nature о? 
© so-called ‘‘electrification” observed when 
g insulation tests of cables, and how is this 
allowed for when the formula 

lz Ex f 
D 
2: 3K lo L 
g D, 


ls used for a ** Loss of Charge” test ? 


R= 


If the insulation resistance of a cable be 
Gevermimed by the deflection method, the cable 
15 coiled up and immersed in water in a tank, 
but the two ends of the cable are kept well 
above the surface of the water. One end of 
the conductor is connected in series with a 

elicate galyanometer and a battery, the other 
end of which is connected to the tank. Upon 
Closing the circuit and making the test, it will 


be found that the deflection of the galvanometer 
does not remain constant when the same 
E.M.F. is continuously applied, but diminishes 
from instant to instant, as if the insulation 
resistance increased with time. This diminu- 
tion is not due to any alteration in the resistance, 
but to the effects of electrical absorption in the 
dielectric, which may continue for some time. 
In practice, it is therefore usual to take the 
deflection after the current has been passing 
for a definite period of time, generally one 
minute ; this Zime of electrification of the cable, 
as it is called, being specified along with the 
resistance. "n E | 

In the formula used in the Zoss of Charge 
test, the electrical absorption is not taken into 
account, as the formula is derived on the 
assumption that dielectric resistance strictly 
obeys Ohm’s law. 


WAVES.—The waves of the sea, on coming into 
shallow water, become steeper in front and more 
gently sloping behind, until at last they curl over 
on the shore. —(.axwe/Ts. Theory of Heat.) 

Please explain this fact. 


Lord Rayleigh has shown that the water par- 
ticles of a wave, in addition to their oscillatory 
motion, are transferred forward in the direction 
of wave propagation with a velocity decreasing 
rapidly with the depth. Taking this for granted, 
we see that as the sea bottom rises to the shore 
the ratio of depth of water from hollow to bottom 
to depth from crest to bottom gets less and less, 
and therefore the retarding force due to the 
bottom resistance has more and more effect in 
preventing the translation of the particles in the 
hollows. In other words, the crest advances 
more rapidly than the hollow, and the wave 
ultimately breaks on the shore. 

Lord Rayleigh’s proof is as follows :— 

In the case of deep water, if we attribute to 
the water a velocity equal апа opposite to. that 
of the wave, the wave form, having the same 
relative velocity as before, is now fixed in space, 
and the problem becomes one of steady motion. 
We may therefore suppose the water flowing 
along a tube whose section is variable (vertically). 
If then we can show that the time during which 
a water particle travels from crest to hollow is 
greater than the corresponding time for a deep 
particle to traverse the same orizontal distance, 
we have shown that the superficial particles 
must move in the direction of wave propagation. 

Let AB be the surface from crest to hollow 
and CD a neigh- 
bouring strcam 
line, AC being 
very small. 

Let A, D, and 
C, D, be stream 
lines at such a 
depth that the 
steady motion of 
the fluid is uni- 
form, the dimen- 
sion 4, being 
such that the 
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same quantity of water flows through 4, as 
through any section ofthe upper tube in the same 
time. | 
If then v is the velocity at any point of upper 
stream line, and v, the common velocity in 
lower, 
d.v = d,.v, = constant ($, say). 
The time of motion of a particle from A to B 
15 given by 
ё = 5 у 
v 
$ being a small distance over which v may be 
considered constant. 
Hence, 
t= ;4. = area AD. 
k E 
Ayain, the time a particle takes from A, to 
B, is 


pe A,B, _ area A,D, 
pa es See 
7i k 

Hence, 
«f£ _ асаАр 


г, area AD,’ 

Now suppose a number of equi-potential lines 
(2.е., curves L” to stream lines) drawn in such 
a manner that the space AD 15 divided up into 
a number of little squares, then these same lines 
will also divide the space A,D, into a number 
of squares. (Of course, to give squares, CD 
must be infinitely near AB.) 

But if a line is divided into a number of parts 
the sum of the squares will be least when the 
parts are equal, Hence the area AD 15 greater 
than if the squares described on the parts of 


AB had been all equal; and therefore à fortiori,, 


AD must be greater than A,D,, which consists 
of the sum of the squares of the same number 
of equal parts of a shorter line. 

Hence, of two particles starting at A and A, 
at the same time, the one will arrive at B, before 
the other arrives at B, and there is therefore a 
motion of translation of the particles in AB 
relative to A,B, in the direction of wave pro- 
pagation. 


ESTIMATION OF SOAP IN OIL.—Would you please 
inform me how to detect and approximately esti- 
mate soaps, etc., when added to lubricating oils, in 
order to give more body, but which decompose at 
high temperatures giving free acids. 


On dissolving lubricating oil in benzine, any 
soap present in the oil will separate out; or 
again, if a lubricating oil containing soap be 
shaken with water, a peculiar white emulsion is 
obtained, which clears on the addition of a 
mineral acid, as the soap, which is the cause of 
the emulsion, is immediately decomposed. It 
is necessary to add the mineral acid, so that an 
emulsion formed, owing to the presence of soap, 
shall not be confused with one brought about 
by some other impurity in the oil. 
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The presence of soap could also be detected 
by igniting a portion of the oil in a crucible. 
The oil burns off, and leaves the metallic base of 
thesoap as a residue. This will usually consist of 
alumina, as this is the basic constituent most 
frequently used in preparing soaps for this 
purpose. 

To estimate the amount of the soap, the 
lubricating oil should be diluted with ether or 
other suitable solvent, and shaken out with a 
sufficiency of dilute hydrochloric acid. The 
soap is decomposed, and the metallic base goes 
into solution, and is removed with the aqueous 
layer, and may be quantitatively estimated by 
the usual methods. 


TEXT-BOOKS.—-Would you please Inform me as 
to the best and most recent text-books on 


. Theoretical Mechanics, up to the standard of the 


Board of Education Examination, Stage II, and 
also Stage III. What is the scope of Cox's Me- 
chanies (Cambridge University Press) and Garnet's 
Mechanies ? 


(1) Best and most modern books suitable for 
Stage II. Theoretical Mechanics (Solids) :— 

Briggs and Bryan's Advanced Statics and 
Dynamics is written specially for this examina- 
tion. It has, of course, the defects incident to 
books written for special examinations. 

Hicks! Elementary Dynamics is about the 
best book on the subject, but some students find 
it difficult to read. 

On the whole, Loney's Elements of Statics 
and Dynamics is perhaps the most suitable, 
though rather harder than absolutely necessary 
for the examination. (C. J. Clay and Sons, 
75. 6d.) 

(2) For Stage lII, Loney's Elementary 
Dynamics, in addition to his other work 
(75. 6d.). 

(3) Cox's Mechanics (Cambridge University 
Press, 95.) carries the investigation as far as the 
elements of the planetary theory, moments of 
inertia, and the compound pendulum. It 
is founded эп Moch's Mechanik, the questions 
being treated in historical order, and made 
thereby interesting. 

Garnett’s Dynamics (Geo. Bell & Co., 65.) is 
an excellent work, carrying the student as far as 
the compound pendulum. There is not a great 
deal of general theorising ; in fact, the bulk of 
the book consists of examples. 

No calculus is used in any of the books so 
far mentioned, 

(4) The first two theorems mentioned under 
this heading are given in Loney's Elementary 
Dynamics. The theory of bifilar suspension 
(though very easy) is not treated in clementary 
works, and one must go to such works as Love's 
Theoretical Mechanics, Williamson and Tarle- 
ton’s Dynamics, or Routh's Rigid Dynamics. 

(5) The nearest thing is “An Essay on the 
Genesis, Contents, and History of Newton's 
Principia,” by W. Rouse Ball (Macmillan, бу.) 
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To the Editor of TECHNICS. 


DEAR S1R,—I do not feel satisfied with the 
solution of the integral 


т 
_ ftant _ dr 
o sec X + cosx 


pe in your correspondence column for Novem- 
er; and this for two reasons :— 

(1) In dealing with multiple-valued functions 
the limitations should at each stage be clearly 
specified. 

(2 The value I! is obtained by a double 
change x = т ~ y and y =m — x,, the second 
change following immediately upon the first. 
To my mind,the same result would have been 
obtained by making x = тү, which logically 
leaves us as far forward as ever. 

I beg to suggest the following solution :— 


'" rtanzr 
І = a = ax 
о SEC X + COS x 
= : 
in x 
= Í. HE е 
o I + cos x 


= - [med dx 
o I+ cos X 


= — [x tan~? (cos x)]; 


+ f tan`?! (cos х) dr 
n 


= +". 
Thus far I agree with your correspondent, 
Also, substituting only the limit x = т 
Г = ~ rtan? (= 1); 
tan“? is a multiple-valued function, and we must 
ive It a definite range. It repeats its values at 
intervals m, Let us take the range from 


- T to + ae 
2 2 


Then ќар -1 (— 1) can only be — P and 


l = — [x tan! (cos x) [7 Em 
Aca; + 
gain, 
T 
1" = їап-! (cos х) dx 
° о 
=- f tan“! {cos (л — y)} dy 


Ш 


f dy. tan~? (cos т cos y —sin r sin y) 


т 
{ dy tan~? (— cos y) 


(1 


-— 
— 


dx tan-'(— cos х); 


since it is of no importance whether we give the 
name x or y to the variable in a functional form 
varying between definite limits. — It is the 
functional form alone that matters. 

Hence 


(т 
1^ J dx tan-! (cos x) 
о 


т 
= dx tan^!(— cos x). 


о 
Now tan ~! has been allotted the range 
uj dg. 
2 2 


Within this range, 
tan? А = ~ [tan (- А)]; 


M2 |" dx [tan-! (cos х) + tan"! (— cos х)] 


9 енне 


2 
HenceIz.—. 
4 


Had we given tan`? the range o — т, the sign 
of the result would have been changed. 
imagine that the logical circle in the latter part 
of Mr. Child's reasoning is due to the suppres- 
sion of some essential element in the proof 
rather than to any error of a purely mathematical 
kind. Still, in the interests of lucidity I offer 
my suggestions for what they are worth. 

] am, Sir, 
Yours faithfully, 
G. GUTHRIE ROGER. 


To the Editor of 'TECHNICS. 


DEAR SIR,—With reference to the article on 
tricolour-photography in your November issue, I 
should like to point out that Mr. Bennett has 
fallen into the error, which is very common with 
writers on this subject, of using the “colour 
mixture” and “colour sensation ” curves indis- 
criminately. 

In the text of the article he refers to the 
Clerk-Maxwell colour mixture curves, and then 
goes on to state that Sir УУ, Abney's sensation 
curves are a redetermination of these, giving a 
diagram of the sensation curves. 

This error was, I think, first pointed out by 
Mr. A. J. Bull and myself in a paper on Tri- 
colour Filters read before the Optical Society of 
London, in which the following definitions will 
be found :— 

Maxwell’s colour mixture curves are those 
which are obtained by matching each part of 
the spectrum by three monochromatic lights. 

The sensation curves are those which give for 
every point of the spectrum the relative amounts 
of the three sensations which are stimulated in 
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the eye, and which together make up the visual 
effect produced. From these detinitions it can 
be seen that there is a distinct ditference between 
the two sets of curves. We have further shown 
that filters which attempt to follow either mixture 
or sensation curves do not give the best results 
in practice, and that it is preferable to have 
abrupt absorptions and detinite regions of over- 
lap if the best results are desired. 

Mr. Bennett further states that the printing 
colours should be complementary to //e sensa- 
tiens. Now, as far as І can see, these have no 
physical existence; since the printing colours 
will each cause a partial stimulus of two or 
more of the fundamental sensations, not neces- 
sarily of fixed amount. 

With regard to the use of one type of plate for 
all exposures advocated in the article, all that is 
required is that the scale of yradation shall be 
equally rendered in all three negatives; now 
many of the so-called panchromatic plates will 
not do this, and one is therctore obliged to use 
dissimilar plates. The Bolt Court school and 
many commercial firms are doing this, 

There are many minor points, both practical 
and theoretical, which are debatable m the 
article, but I will not trespass further on your 
Space to discuss them here. But one cannot 

ass without remark the exposure ratios given 
y Mr. Bennett. 

I give below the ratios of three sets of filters 
taken at random, which are fairly representative 
of ordinary practice :— 

Blue. Green. Red. 
L. N. A.Co. . . . I 6 14 
FE Des . x wow 8 12 
Rotary Photo. Co. . т 2 12 

In no case is the blue exposure more than 
four times the normal exposure. 

Yours faithfully, 
A. C. JOLLEY. 


To the Editor of TECHNICS. 


SIR,—With your permission I would like to 
reply to Mr. DeBarry Barnett. 

Mr. DeBarry Barnett states that the idea in 
the construction of the Great Pyramid was to 
make the square of the height equal to the area 
of one of its triangular faces, and that the m 
proportion between the height and twice the 
length of base was merely a coincidence. If 
this theory be correct it gives the Pyramid de- 
signers credit of knowing another truth than 
a correct method of calculating the valve of т, 
viz, Euc. 1: 47; this theorem, however, is 
credited to Pythagoras, who was centuries after 
the Pyramid. However, in this I agree, that 
the designers knew 1:47 before Pythagoras, 
as also did the Hindoos ; the calculation of m 
was simply an extension. 

Now to proceed, Mr. DeBarry Barnett simply 
gives the late Mr. Taylor's interpretation of 
Herodotus ; but Herodotus only had a sort of 
traditional account, and therefore absolute 
reliance cannot be placed upon his writings, and 
we must therefore fall back upon the work of 
modern investigators; and of these Colonel 
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Howard Vyse appears to me to stand pre- 
eminent. The Colonel, at great expense and 
labour, had one side of the base of the Pyramid 
absolutely cleared of all débris— the accumula- 
tion of centuries—for the purpose of measurirg 
the original length of the base, and fortunately 
during this work came across two of the original 
casing stones z^ sifu. These stones, about 
5 ft. X 8 ft. x 12 ft., were finished with practically 
mathematical accuracy. The Colonel, with his 
assistants, then measured with all the accuracy 
possible in the circumstances, the anyle of the 
inclined face, the mean of АЙ the trials giving 
$17.51. 14". The sine of this angle is therefore 
the height, and the cosine, half the base of a 
relative pyramid. On working this out it will 
be found that, 
sin $ : 4 cos $ :: 1 : m (very nearly) 


Lcos$ = 979077 
log 4 = ‘60206. 

10°39283 

Lsin$ = 9°89565 


49718 = log т 
Now at present I have only five figure logs by 
me, but 1 remember that the log of m,to a fairly 
high standard of accuracy, is 4971499. It there- 
fore appears to me clear that the coincidence 15, 
that the square of the height is practically equal 
to the area of a triangular face, rather than that 

the 7 proportion is a coincidence. | 
When I wrote my original letter, I did not 
anticipate this developing into a Pyramid dis- 
cussion, but there is one other point, out of a 
number that could be raised, I would like to 
ask Mr. DeBarry Barnett. The Great Pyramid 
is situated practically on the 30? of latitude, and 
therefore had the earth been a perfect sphere, it 
would have divided the northern hemisphere 
into two equal areas, z.e., the area of the band 
around the earth between the latitude of the 
Pyramid and the equator would be equal to the 
whole area above the latitude of the Pyramid. 
I say “practically on the 30°...” because it 
is not quite there—a trifle below itin actual fact, 
as if to indicate that the designer knew perfectly 
well that the earth was not a sphere, and that 
the tlattening at the poles, and more slightly at 
other places, reduced the area from what it 
would have been had the earth been perfectly 
spherical. Is this a coincidence also? I most 
certainly do not think so. How these early 
builders obtained their knowledge I do not 
pretend to say ; it appears to me, however, that 
that early race had absolute and dehnite 
information of certain scientific facts that have 
only, comparativelv, been recently rediscovered. 

Yours faithfully, 

F. BROWN, Capt. A.O.D., Wh.5c. 


To the Editor of TECHNICS, 


DEAR SIR,—May I thank your correspondent, 
Mr. E. Holden, for pointing out two obvious over- 
sights in my article* on “ Dampness in Houses.” 


* TECHNICS, Vol. I., No. 10, October, 1904, pp. 382-385. 


Technics Competitions 


In Fig. 8 I inadvertently showed the 
bonding bricks laid as if the thicker wall 
were the outer one, as it is sometimes, 
but I did not intend it to be so in this 
‘case. Also in Fig. 11 the window nosing 
is shown fixed to the brickwork instead of 
to the window-sill, as every building con- 
struction student knows it should be. 

I am extremely sorry that the 
mistakes were not discovered. by me in 
correcting the proof. 

The corrected drawings for Figs. 8 
and 11 are appended herewith. 

Yours truly, 
RUFUS E. MARSDEN. 
22, Howson Road, 
Brockley. 
Nov. 28th, 1904. 
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COMPETITIONS. 


„ІХ the first twelve numbers of TECHNICS, competitions have been set from month to month on 
subjects ranging over the greater number of technical industries. Very excellent work has been sent in b 
many of the competitors, but the total number of competitors has proved much smaller than we expected, wit 
the result that, as a regular feature of TECHNICS, the competitions will be discontinued in future. We shall 
endeavour to publish the resu!ts of the November and December competitions, if possible, in the February 


number. 


will be forwarded to him. 


As soon as a comparison between the work of the various competitors throughout the year can be 
completed, the name of the TECHNICS Prizeman will be announced, and a cheque for 


200 and a gold medal 


RESULTS OF OCTOBER COMPETITIONS. 


CHEMISTRY. 


PRIZE, £3.—Bertie J. Eaton, 37, Belitha Villas, 
Barnsbury Park, London, N 

SPECIAL HONOURABLE MENTION :—R. T. G. 
French; E. H. Higgins; R. Lessing; Harry Hut- 
chinson. 

HoNoURABLE MENTION :—Harold Slicer; Geo. 
J. Denbeigh ; Earby Dalton. 


ENGINEERING. 


PRIZE, £3.—H. E. Hodgson, South-Western Poly- 
‘technic, Chelsea, S. W. 

SPECIAL HONOURABLE MENTION :—Frank H. 
Eldershaw ; H. C. Young; A. Richards ; Lionel E. 
Macklin; Н. G. Lester; T. M. Barlow; F. L. 
Berry ; Percy Warwick. 

HONOURABLE MENTION :—W. J. Richards ; H. Н. 
Roberts ; H. A. Stewart ; Harold Slicer, C. Ernest 
Holloway ; S. Irwin Crookes ; J. M. Young; Arthur 
‘Gadd ; John Ramsay. 


ELECTRICAL ENGINEERING. 
PRIZE £3.—Harold Н. Broughton, 69, Edburton 
-Avenue, Brighton. 
SPECIAL HONOURABLE MENTION :—Charles Ernest 
Savage; A. J. Aldridge. 
HONOURABLE MENTION :—P. E. Banting; Albert 
Beeston ; Archibald Bursill ; H. A. Stewart ; H. E. 


Hodgson. 
COTTON SPINNING. 


PRIZE £3.—John E. Tytler, 13, Hartley Street, 
Henderson Street, Levenshulme, Manchester. 

SPECIAL HONOURABLE MENTION :—Edward Run- 
‘corn; A. W. Brierley ; Herbert Wroe. 

HONOURABLE MENTION :—Robert Marcroft ; Fred- 
“erick Stones ; Harold Andrew. 


EXPANSION CURVES. 


First PRIZE, £1 10s.—H. J. Trust, 31, Grove End 
Road, London, N.W. 

SECOND PRIZE, £1.—R. Proudlove, 32, Hutt 
Street, Spring Bank, Hull. 

THIRD PRIZE, 10s.—Samuel Lees, 1, Trafalgar 


` Street, Broughton, Manchester. 


SPECIAL HONOURABLE MENTION :—Jessie Haigh 
Baxter; R. W. Blair; J. H. Magson; Edwin Mag- 
son ; Harold Slicer ; C. B. Hurst; Ernest W. San- 
ders ; S. Irwin Crookes; H. E. Hodgson. 

HONOURABLE MENTION :—W. E. Dommett ; D. 
Fulton ; А. Richards. 


ELECTRO-MAGNETIC THEORY. 


Prize, £5.—Divided equally between two com- 
petitors : H. G. Trust, 31, Grove End Road, N.W. ; 
and A. Richards, Deira, Drummond Terrace,Crieff. 

SPECIAL HONOURABLE MENTION:—C. H. Finnis ; 
Edgar P. Hedley; Oswald’ J. Harding; J. К. 
Wilkins; J. Boswell Wilton; H. H. Francis 
Hyndman. 

HONOURABLE MENTION:—Arthur H. Bird ; Geo. 
J. Denbigh ; William J. Williams; Н. A. Stewart ; 
G. Oliver Campbell ; Charles Percy Hines; S. Irwin 
Crookes, Samuel Lees. 


THEORY OF STRUCTURAL DESIGN. 


PRIZE, £5.—D. E. Synan, 36, Cecil Street, 
Limerick. 

SPECIAL HONOURABLE MENTION:—Samuel Lees ; 
K. Bonallo. 

HONOURABLE MENTION: —W. Jno. Richards ; 
Arthur Gadd ; H. Stringer ; Harold Slicer. 


WINDOW 
BOARD 
OR NOSING 


E have received from Messrs. F. E. 

Becke & Co. an illustrated. and 

descriptive catalogue of Physical 

Apparatus and Appliances. This 

catalogue 15 quite unique as 

regards completeness, and should be in the 

hands of everyone whose duties involve instruc- 

tion in the use of phvsical apparatus ; mathe- 

matical drawing instruments, slide rules, 

callipers, and other instruments of precision are 

included, as меН as apparatus for practically 

every experiment commonly performed in the 

physical or chemical laboratory. — The cata- 
logue is profusely illustrated throughout. 

THE December number of the Zis% Zechnical 
Journal contains an interesting article on the 
central battery system of telephone working, 
as well as other instructive matter; ina des- 
cription of the recent Arts and Crafts Exhi- 
bition, it is stated that this was the best of its 
kind ever held in Ireland. 

PROFESSOR H. 5. HELE-SHAW, LL.D., Е.К S., 
has resigned the Chair of Engineering in the 
University of Liverpool, in order to take up the 
duties of Principal of the Transvaal Technical 
Institute and Organiser of Technical Education 
in the Transvaal, to which position he has been 
appointed for twelve months. Last year, upon 
the invitation of the Colonial Secretary, Pro- 
fessor Hele-Shaw went out to the Transvaal as 
Organiser of Technical Education. On arrival, 
he accepted the position of senior and responsible 
professor of the new technical institution, which 
һе duly opened, with, besides himself, five 
assistant professors in engineering, geology, 
mining, chemistry, and physics and electro- 
technics. Forty-three students, both Dutch 
and English, who were taking the examinations 
of the Cape University in mining, presented 
themselves. In addition, evening classes were 
opened at Pretoria, Johannesburg, and other 
places on the Rand, and were attended by 
several hundred students. On December 6th, 
Professor and Mrs. Hele-Shaw attended an At 
Home at the Walker Engineering Laboratories, 
Brownlow Hill. During the evening the Professor 
delivered an interesting lecture on the problem to 
be faced in connection withthe industrial progress 
ofthe Transvaal. In connection with the subject 
of Chinese labour, he said that at the present 
moment some 25,000 Chinese were at work in 
the Rand, and that their advent had led to the 
immediate occupation of several thousand white 
men who had previously been out of work. 

AT the January meeting of the Socictv of 
Dyers and Colorists, Mr. F. T. Farrell, M.Sc., 
will read a paper on * Production of Crepon 
Effects on Silk Fabric by Chemical Means,” 
and Mr. Fredk. Hewitt will read a paper on 
“The Dyer: his Trade and Position.” Particu- 
lars may be obtained from the Honorary 
Secretary, Mr. M. Charles Lamb, F.C.S., of 
151, Westcombe Hill, Blackheath, London, S. E. 

THE North-East Coast Institution of Engineers 
and Shipbuilders will hold the fourth meeting 
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of the session at Newcastle-on-Tyne, on Friday, 
January 20th, 1905, when a paper on * Petrol 
Motor Cars" will be read by Mr. F. Little, 
A.M.I.E.E. 

MR. К.С. CLINKER, of Rugby, haskindly drawn 
attention to an error made by the inventor in 
the explanation of his magnetic speed indicator, 
which was described and illustrated in the 
September number of TECHNICS (Progress of 
Science апа Technology, p. 213), the same error 
being fallen into by our contributor in abstracting 
the information from the patent specitiation. 
Mr. Clinker points out that the torque is pro- 
duced by the currents induced in the copper or 
aluminium disc between the poles of the magnets, 
and that this torque is proportional to the speed, 
hence the evenly divided scale. 

AT the St. Louis Exposition the Westinghouse 
Companies received gold medals as follows :— 
For complete A.C. and D.C. switchboards, 
Bremer arc lamps and arc lighting. system, 
Nernst lamps, Cooper-Hewitt lamps for photo 
engraving, water and gas meters, electric 
measuring instruments, and for industrial 
betterment work and housing of the working 
class. The Westinghouse Companies have 
come out top in the list of prize-winners, having 
received the largest number of awards ever 
bestowed upon a single firm at any World's Fair. 

Messrs, А. & C. BLACK have published the 
1905 issues of three useful works of reference : 
* Who's Who," * Who's Who Year Book," and 
the “ Englishwoman's Year Book." This year, 
“Whos Who" has once more been enlarged ; 
nearly 100 pages have been added, bringing the 
total up to 1796 pages. Men distinguished for 
their scientific and technical abilities, both in 
this and foreign countries, come in for a due 
share of notice. 

ON December 1st, Sir William White, K.C.B., 
distributed the prizes and certificates gained by 
students of the Sir John Cass Technical Institute 
during the session 1903-4. The chair was taken 
by Sir Owen Roberts, Chairman of the Govern- 
ing Body. In the course of his address, Sir 
Wiliam White said that during his recent 
visit to America he had taken the opportunity 
to study the educational svstems in vogue there, 
and he was obliged to confess that both the United 
States and Canada can teach us much with 
regard to technical education. А noteworthy 
fcature in these countries is the interest taken 
by employers of labour in educational work, as 
well as in the employment of men who have 
received adequate technical and  scientitic 
training. 

THE Registrar of the University of Leeds 
announced, at a Mansion House meeting held 
at York, on November 3oth, in support of the 
University, that £61,825 has been subscribed 
towards the £100,000 required to make the 
necessary additions to the buildings and to 
increase the endowment of the University, so as 
to satisfy the financial requirements laid down 
by the Committee of the Privy Council. 
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Dr. JOHN HOPKINSON. 
Born July 27th, 1849. Killed in an Alpine accident, August 12th, 1898. 


Fhoto., Elliott & Fry. Copyright. 
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PROGRESS OF SCIENCE AND TECHNOLOGY. 


ONSIDERING the mental 
labour which must necessarily 
be gone through before the 
distinction of Senior Wrangler 
and Smith's Prizeman can be 
obtained, it is somewhat sur- 
prising that the subsequent 

careers of Senior Wranglers are not more 

usually of a brilliant and noted character. 

There are comparatively few who 

have gained the above distinction, 

and have afterwards attained 
eminence in the scientific or technical world : 
one of the most notable exceptions was 
the late Dr. John Hopkinson. Born at 

Manchester on July 27, 1849, John 

Hopkinson proceeded to Cambridge at an 

early age, and became Senior Wrangler and 

Smith's Prizeman in due course. ‘Though 

elected to a fellowship, he preferred the work 

of a consulting engineer, and for some time 
was associated with the firm of Messrs. Chance, 
manufacturers of optical glass. Coming to 

London, he soon gained a large consulting 

practice, and for some years filled the chair 

of electrical engineering at King’s College. 

While yet a student at Cambridge, Dr. Hop- 

kinson invented the three-wire system of 

electrical distribution. Previous to the re- 
searches of Dr. John Hopkinson and his 
brother relative to the magnetic circuit, the 
successful design of a dynamo was very much 
a matter of chance; if the voltage of the 
completed machine came out within twenty 
per cent. of the required value, the design 
was considered satisfactory --or at least, as 
satisfactory as could be expected. Now-a- 
days an electrical engineer can design the 
magnetic circuit of a dynamo so as to obtain 

a voltage within three or four per cent. of 

that required: indeed, a closer agreement 


Dr. John 
Hopkinson 


would be possible were it not for the difficulty 
of correctly estimating the permeability of the 
iron or steel used in constructing the magnet 
poles, cores, and yoke. This success is mostly 
due to the labours of the brothers Hopkinson; 
although the applications of the principles 
deduced by these investigators are so simple 
and straightforward that many engineers 
apply them without having understood the 
grounds on which they are based, yet it was 
a notable stroke of genius to apply these 
principles in the first case. Although an 
eminent mathematician, Dr. Hopkinson 
possessed that sense of proportion, denied to 
many possessing mathematical attainments, 
which is necessary where mathematical analy- 
sis isto be applied to the problems presenting 
themselves in the workshop; hence his noted 
graphical solution of the problem of the 
magnetic circuit of the dynamo, which others 
had vainly sought to solve by the aid of 
ordinary analytical methods. ‘The career of 
this eminent investigator was cut short in a 
terrible manner: Dr. Hopkinson was a cele- 
brated mountaineer, апа while climbing the 
Petite Dent de Veisivi, above Evolena, on 
August 12th, 1898, he, and a son and two 
daughters, were killed in an accident of which 
the details are unknown. 


IN dry weather the fibres used in the textile 
industries are hable to become electrified 
during combing and other similar 
operations, with the result that perite ша 
their treatment becomes very dith- tile industries 
cult. It is now well known that 
the discharge of a-rays from a radio-active 
substance “ionises” the air in its neighbour- 
hood (that is, renders this air a conductor of 
electricity), so that an electrified body placed 
near а radio-active substance is quickly dis- 

P2 
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charged. This property might perhaps be 
utilised in the textile industries to prevent 
the electrification of the fibres. The cost of 
radium is so great that this substance could 
scarcely be used ; but thorium (which is much 
cheaper) has similar properties, although its 
ionising capacity is smaller: even disused gas 
mantles will quickly discharge an electroscope 
in their neighbourhood. We should be 
pleased to hear of the results of experiments 
in this connection, which could be readily 
carried out by anyone engaged in the pre- 
liminary operations of the textile industry. 


THe address delivered to the Rontgen 
Society by the President, Dr. C. Thurstan 
The Present На" on November — 3rd, 

Position 1904, gives an admirable ac- 
of X Rays in count of the medical and surgical 

Medicine uses of X rays. For a few 
and Surgery. | .. , . 

years after Rontyen’s discovery, 
medical men were divided in opinion as to 
the benefits to be derived. from the изе of 
X rays; some held exaggerated. ideas of 
these benefits, whilst others went to the 
opposite extreme, and greatly underrated 
them. At the present time, the uses to 
which X rays can be put by a competent 
surgeon are fairly well defined. In the first 
place, it is known that the opacity of an 
object to X rays depends merely on its 
density ; consequently, reports of the dce- 
tection, by the aid of X rays, of diamonds 
swallowed by thieves, are purely mythical. 
On the other hand, a needle embedded in 
the hand can be exactly located, and removed 
in less than five minutes; and although 
Mr. Brodrick, in 1898, informed the House 
of Commons that, in the Egyptian campaign, 
no single case had occurred in which X rays 
could have been usefully employed, it is 
certain that the greatest benefits could have 
been derived from their use. It is. now safe 
to say that in no circumstances is а surgcon 
justified in operating for the supposed 
presence of a foreign. body unless he has 
first proved its presence, and located its 
position, by the aid of X rays. All bone 
injuries ought to be examined by the aid of 
X rays, both before and after an operation. 
In the case of some bone diseases, such as 
central abscess of the bone, X rays furnish 
practically the only guide to the surgeon. It 
is now possible to detect with certainty the 
presence of renal calculi; but in this case it 
appears to be necessary to take radiographs 
by long exposure, and also by short exposure 
while the patient holds his breath: in some 
cases where a long exposure has produced a 
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negative showing no sign of a solid body, 
this has been due to movement of the 
kidneys during respiration, and a short ex- 
posure has revealed the presence of a stone. 
The exploratory operation of cutting down 
on a kidney for "suspected" stone ought 
now to be almost, if not quite, obsolete. 
The diagnosis of stone in the bladder is 
quite simple, and should admit of no mistake 
being made. 


X Rays have proved valuable in the 
examination of patients suffering. from 
diseases of the chest. “It is 
scarcely going too far" (to quote ice to 

est 

from Dr. Holland) “to say that Diseases 
the only certain means of diag- 

nosing thoracic aneurism is a careful X-ray 
examination, and that the skilled radiographer 
can nearly always answer ‘yes’ or ‘no’ if 
the question for or against is put to him. 
Next to aneurism, the great value of X rays 
is scen in cases of pulmonary consumption. 
In the first place, a careful examination. of 
an affected chest at intervals, during the 
course of an illness, may not only be of great 
interest, but also of great use, as an additional 
means of indicating the course of the disease ; 
and in the second place, in the very early 
cases —the merely suspicious cases, indeed— 
an X-ray examination is essential. It has 
been proved beyond all doubt that marked 
radiographic changes from normal, suggestive 
of tubercular disease, have now been found 
when only the merest suspicion. of phthisis 
has existed; when no so-called physical 
signs have been detected; when no tubercle 
bacili have been found in the sputum, if 
there was any of the latter to be obtained ; 
when the only symptoms giving rise to 
anxiety have been some ill-health, loss of 
weight, and perhaps cough and dyspeptic 
troubles. It is a serious matter to urge, say, 
a business man, with much depending upon 
him, to throw up everything and go through 
several months of open-air treatment on a 
vague suspicion alone ; it is still more serious 
to put off doing this until unequivocal signs 
have developed, and it may be too late. 
Radiography, in these cases, is now in- 
valuable ; and it is not going too far to assert 
that in such a case, given a radiographic 
examination by one competent to form 
an opinion—a most important matter—if 
suggestive radiographic changes are found, 
the patient can be unhesitatingly advised of 
his danger and the necessity of immediate 
action; given no radiographic changes, it is 
quite justihable to wait and watch. 
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*'The most important early radiographic 
changes are those seen on the screen: 
firstly, some restriction of the diaphragmatic 
movements on the affected side; secondly, 
some difference in the transluceing of the 
normal lung tissues to the X rays. ‘This 
latter may be detected by either screen or 
plate." 


Many skin diseases have yielded to treat- 
ment with the X rays. To once more quote 
RE from Dr. Holland's address :-— 
Skin Diseases 11 large numbers of skin 
diseases— acne, favus, ring-worm, 
sycosis, eczema, psoriasis, and others (I do 
not intend this to be a complete list) X rays 
have proved useful. They have also been 
used for the removal of supertluous hairs, for 
the treatment of trachoma, and so on. But 
the three diseases which are the most 
interesting from this point of view are lupus, 
rodent ulcer, and malignant disease other 
than rodent ulcer . . . .. In 1898 I had 
the pleasure of recording the first successful 
case of the treatment of lupus by X rays in 
this country, and the patient at the present 
time, except for two slight relapses rapidly 
cured, remains well.. .. In the treatment 
of lupus generally, my opinion is in favour 
of the X rays as against the Finsen light or 
any of its modifications. This means, I take 
it, that in my hands the treatment by X rays 
has appeared to me to give better results. 
Certain advantages are obvious: X rays are 
easier of application and more comfortable 
to the patient; the treatment, as a rule, 
extends over a shorter time; the whole area 
can be treated at each sitting; X. rays can 
reach a part where it is difficult or impossible 
to apply the Finsen treatment. As against 
these advantages one may say there is the 
risk of an X ray burn; but I would put this 
entirely on one side, providing that proper 
care is used. Like all treatments, X rays gre 
not infallible, but I have never yet seen 
methodical and properly carried out X ray 
treatment fail to produce a favourable effect 
in any case of lupus. In rodent ulcer, as we 
all know, the effect of X rays is marvellous. 
The only question that has to be decided is 
that between X rays and operation. ‘This 
does not come in when the case has gone 
too far for the surgeon's knife, but the 
remarkable success of X rays, even in 
these cases, compels one strongly to the 
idea that when we understand better the 
technique of X ray application, this treat- 
ment may take the place of the knife in 
all cases. 
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“THE position of X ray treatment in true 
malignant disease, sarcoma and carcinoma, 
is very difficult to sum up. 
The cases which usually present 
themselves for treatment are either 
primary growths of an inoperable character, 
or else inoperable recurrences after operation. 
Often X rays do nothing—do not even 
relieve the pain—and, indeed, there is the 
suggestion that they may sometimes hasten 
the course of the growth, and hurry on 
secondary and general infection . . . . Most 
of us who have worked in this direction have 
seen the most extraordinary results occur: 
large areas of disease absolutely disappear ; 
ulcerations heal up; the general health of 
the sufferer markedly improves; everything 
points hopefully to a successful result. ‘Then 
a gland is noticed to be enlarging, then 
another, deposits of new growth occur else- 
where, and the case becomes hopeless to any 
kind of treatment known at prc sent.” 


Malignant 
Growths 


ALTHOUGH manifest benefits have been 
‘derived from the use of X rays, yet their use 
is not without some element of 
danger :—“ The most recent case 
of this kind is one that has 
occurred in America. Dr. Weigel of 
Rochester City, United States, one of the 
most skilful and enthusiastic of American 
surgeons who used X rays, was in England 
one year ago. He was then suffering very 
badly from chronic dermatitis of the hands. 
A short time ago cancer supervened, апа on 
October 11th it was found necessary to 
amputate the right band at the wrist, and to 
remove the first, second, and third fingers, 
and a portion of the metacarpus of the left 
hand. One may expose one's hands to the 
rays with impunity for years, but the risk is 
great, and l have no doubt that the effect of 
these constant exposures is, so to speak, 
cumulative, and that, as time goes on, the 
hands get more and more “tender” to the 
rays. It matters not very much whether the 
effects produced are caused by the X rays 
themselves, or some other agent; whatever 
it is, an active X ray tube is a danger to 
the operator, and one cannot be too careful 
in guarding oneself against this danger. 
At the same time, certain articles in the 
daily press are calculated to do harm, as 
many of the general public reading them 
may be led to conclude that there is danger 
of chronic dermatitis and cancer being caused 
by having an X ray examination made, or by 
being treated with X rays. Some people, on 
this account, may be led to refuse either to 
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be examined or treated by the гау$ when 
either the one or the other may be necessary. 
It may be definitely stated that no harm 
whatever can follow a properly conducted 
X ray examination, and І think one is also 
justified tn saying that the treatment by X rays 
in skilled hands is also harmless." 


Ir is well known that if a molten sub- 


stance is allowed to cool slowly, and 
its temperature is continuously 

Allotropic Observed, the latter will remain 

Modifications Е еен ; К 
of Iron Constant while solidification is 


occurring, after which the tem- 

perature falls till the substance becomes as 
cold as its surroundings. Now, the rate at 
which the substance loses heat depends 
merely on the dimensions of the vessel con- 
taining the substance, and the difference 
between the temperature of the substance 
and its surroundings ; hence, if the tem- 
perature remains constant while the substance 
is hotter than its surroundings, we know that 
the substance is losing heat at a constant 
rate, and we must infer that it is somehow 
gaining as much heat as it loses. So far as 
the phenomena attending solidification are 
concerned, the gain of heat is easily explained: 
as the substance solidifies, its. latent. heat of 
liquefaction 1s given up, and this keeps the 
temperature of the substance constant until 
solidification is complete. By the aid of a 
Le Chatelier pyrometer, a. cooling curve for 
iron can be obtained, starting with the molten 
metal, and ending with the solid metal at the 
ordinary tempera- 
ture of the room ; 
such a coolingcurve 
presents many inter- 
esting features. 
The fall of tem- 
perature is tem- 
porarily arrested at 
about 1,530 (Fig. 
I) corresponding to 
the process of 
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which denote temporary arrests in the fall of 
temperature ; these are denoted by Ary, Az, 
and Àz,; for pure iron these arrest points 
occur at 860°C., 750°C., and 660°C. Each 
of these arrests in the fall of temperature 
denotes an evolution of heat ; and since the 
points Az, and Az, are perfectly distinct in 
the purest electrolytic iron. procurable, the 
conclusion has been arrived at by M. Floris 
Osmond and his followers that Av, and Ar, 
denote allotropic transformations. Above 
Ar, iron is assumed to exist as y ferrite; at 
Az, а transformation to fj ferrite occurs, while 
at Av, a transformation to a ferrite occurs. 
The arrest point Ar, is scarcely noticeable 
with the purest iron procurable, but it 
becomes very distinct in high carbon steels ; 
hence, we may conclude that Алгу does not 
correspond to an allotropic transformation, 
If a steel knitting-needle is heated toa bright 
red heat, and is then watched as it cools 
in а dark room, the luminosity of the needle 
will be observed to vanish, then to reappear, 
and finally to die away. ‘The reappearance 
of the luminosity is due to the evolution 
of heat at Алу; this phenomenon is called 
recalescence, 

It is certain that an evolution of heat 
occurs at Av, and at Ar, and it is probable 
that the same phenomenon would occur if 
perfectly pure iron could be procured ; hence, 
we are justified in assuming that Av, and 
Ar, denote allotropic transformations. Pro- 
fessor H. M. Howe has proposed the following 
definition :—** Allotropy is a change in the 
properties of an element without change of 
state. It is habitually accompanied by a 
change of internal energy. It 1s due in some, 
and perhaps in all cases, to а change in the 
number or the arrangement of the atoms 
in the molecule." a, В and у ferrite have 
properties which clearly distinguish them 
from each other. a ferrite is ordinary pure 
wrought iron; it possesses a high magnetic 
permeability, and a relatively small coefficient 
of thermal expansion. If a ferrite 15 heated, 
it changes to Б ferrite at the point Av, (750 C.); 
the permeability of iron increases with the 
temperature till the point Ar, is reached, 
when it abruptly falis to the value unity, 
which leads us to conclude that the mole- 
cular structure of f ferrite 15 such that it 1s 
non-magnetic. Further, the rate of increase 
of electrical resistance with the temperature 
is much greater for 8 than for a ferrite ; hence, 
if the volts across a piece of iron wire are 
observed as the iron is heated up with an in- 
creasing electric current, it will be found that 
between the temperatures 750 C. and 850°C. 
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a'very small increase in the current produces 
an enormous increase in the voltage—a fact 
which has been. utilised in constructing 
“ ballasting " resistances for Nernst lamps.* 
At Ar, the electrical resistance of iron 
practically ceases to increase with the tem- 
perature, so that y ferrite is characterised by 
possessing an electrical resistance which is 
independent of the temperature; it is also 
non-magnetic. 
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FIG. 2,—CuRVES FOR SALT SOLUTIONS. 


Ir we obtain the cooling curves for samples 
of steel of different carbon contents, it is found 
that the transition point Ar, 
occurs at a practically constant 
temperature (660° C.), whatever 
may be the carbon content. On the other 

nd, an increase in the carbon content causes 
the points Ar, and Ar, to occur at lower 
temperatures, these temperatures gradually 
approximating to each other as the carbon 
content increases, till with steel containing 
about 0° 3 per cent. of carbon the two points 
Ar, and Az, coalesce. As the carbon 
content 1s still further increased, the arrest 
Point corresponding to the coalescence of 
Ағ; and Ar, occurs at lower and lower 
temperatures, until when the carbon content 
reaches about 0°89 per cent, only one 
arrest point (Az) can be observed. Fig. 3 
shows the way in which the arrest points 
of steel vary with the carbon content ; 
taking any given percentage of carbon, a 
vertical line drawn through the corresponding 
scale division (read from the lower line of 
figures under the horizontal axis) will cut 
the curves in the various arrest points. ‘I'he 
two branches corresponding to Ar, and Ar, 
are seen to run into each other, subsequently 
coinciding in the inclined branch which cuts 


Constitution 
of Steel 


* “Electric Lamps,” by James Swinburne, 
M.LC.E., Tecunics, Vol. IL, No. то, October, 
1904, page 353. 
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the curve for А>, at a point correspond- 
ing to 0:89 per cent. of carbon. When the 
steel contains more than 0:89 per cent. of 
carbon, two arrest points are observed : one 
corresponds to Ar, and the other occurs at 
a higher temperature, which rises as the 
carbon content increases. ‘This is indicated 
by the upward sloping line rising from the 
point оп Ar, corresponding to a carbon 
content of 0°89 per cent. 

To appreciate the significance of the curves 
given in Fig. 3, it is best to refer to the 
similar curves for an aqueous solution of 
common salt (Fig. 2). Pure water freezes at 
o^C., but the addition of salt lowers the 
freezing point. If an aqueous solution con- 
taining то per cent. of common salt is cooled, 
it is found that pure ice first separates out, 
and this process continues until the solution 
attains a concentration of 23°5 parts by 
weight of salt in 76°5 parts by weight of 
water; if the temperature then falls, the 
solution remains liquid till a temperature of 
— 22°С. is reached, when it suddenly becomes 
solid. Guthrie, who first studied these 
phenomena, observed that the proportions of 
salt and water in the solution which finally 
solidified, satisfied the formula NaCl 4- 10H40, 
and assumed that a hydrate of this composi- 
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tion was formed ; to this he gave the name of 
а cryvhydrate— meaning a hydrate which 
could exist only at low temperatures. lt has 
subsequently been proved, by microscopical 
examination, that the cryohydrate consists of 
an intimate mixture of ice and salt.  l'hus, if 
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we cool a solution containing less than 23°5 
per cent. of common salt, pure ice forms at 
some temperature between o? and — 22°C. 
(Fig. 2), and the mother liquid finally crystal- 
lises out at — 22°C. in the form of an 
intimate mixture of ice and salt crystals. If 
the original solution contains more than 23:5 
per cent. of salt, the salt first crystallises out, 
leaving as before a mother liquor containing 
23'5 per cent. of salt, which crystallises out 
as an intimate mixture of ice and salt crystals 
at — 22°C, 

In the case of steel, similar phenomena 
occur. When the steel contains less than 
o'89 per cent. of carbon, pure iron or 
Jerrife segregates at a temperature depending 
on the concentration, leaving a solid solution 
of о'89 parts of carbon in iron, which 
separates into an intimate mixture of Fe,C 
(or cementite) and ferrite, at a temperature of 
660°C, ‘This intimate mixture of cementite 
and ferrite has been called pearlite on account 
of its iridescent appearance under reflected 
light, due to the fact that the constituents 
are associated in minute flakes: pearlite is 
said to be the eutectic alloy of iron and carbon, 
or the alloy possessing the lowest temperature 
of separation : its analogy with a cryohydrate 
is sufficiently obvious. When the salt solution 
is cooled, the pure ice or salt which first 
separates out may be removed, so that the 
cryohydrate may be ultimately obtained by 
itself. In the case of steel we are dealing 
with а solid solution; consequently, when 
the steel contains less than 0:89 per cent. of 
carbon, the microscope reveals the structure 
to consist of areas of ferrite surrounded 
by tracis of pearlite, or areas of pearlite 
surrounded by ferrite, according as the 
carbon content is very small or approaches 
о'89 рег cent. When the carbon content is 
equal to 0°89 per cent., the slowly cooled 
steel consists merely of pearlite, which 
separates out at 660°C. If the carbon 
content exceeds o'89 per cent, cementite 
(Fe4C) first separates out (Fig. 3), just as 
salt does in strong saline solutions; the 
ultimate constitution of the slowly-cooled 
steel will therefore consist of areas of free 
cementite surrounded by tracts of pearlite, or 
vice versa. 


Fic. 3 shows that carbon added to iron 
considerably modifies the nature of the 
allotropic transformations which 
can occur. So long as the 
carbon content does not exceed about o'3 
per cent, the transformations from y to f, 
and from f to a ferrite occur separately ; but 
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for larger percentage of carbon the transfor- 
mations occur simultaneously, as indicated 
by the curves for Av, and Ar, coalescing 
into a single curve cutting the A 7, curve at 
a point corresponding to a carbon content of 
o'89 per cent. From this it appears that 
when steel containing 0:89 per cent. of carbon 
is heated, the transformation into y ferrite 
will occur at about 660 C., and for all higher 
temperatures the iron will be non-magnetic. 
More remarkable still are the changes pro- 
duced by the addition of nickel to iron. 
In this case the transformation from a to f 
and y ferrite occurs at a very low temperature ; 
with alloys containing from 26 to 27 per 
cent. of nickel, the transformation point occurs 
at about o? C., so that a nickel steel of this 
constitution 15 non-magnetic at ordinary 
temperatures. With larger percentages of 
nickel, the temperature at which the steel 
becomes non-magnetic mses with the per- 
centage of nickel. Speaking generally, the 
presence of nickel alloyed with iron tends 
to depress the temperature at which a ferrite 
changes into В and у ferrite ; further, the trans- 
formations from a to B and from f to y ferrite 
are notcompleted atany particular temperature 
or temperatures, but both these transforma- 
tions progress simultaneously over a range of 
temperature which may be as great as гоо°С. 
This leads to very important results. The 
transformation from f to y ferrite is accom- 
panied by a considerable contraction; in 
nickel steel, where the transformations from 
a to В and from В to y ferrite progress 
simultaneously as the temperature rises, the 
normal expansion of a and £ ferrite is wholly 
or partially compensated by the contraction 
due to the transformation from f to y ferrite, 
or this contraction may mask the expansion 
of the a and f ferrite. Consequently, it 15 
possible, by adding suitable proportions of 
nickel, to obtain steel which expands, remains 
constant in dimensions, or contracts as the 
temperature rises. M. Ch. Ed. Guillaume, 
who has carefully investigated the properties 
of nickel steels, finds that a steel containing 
36 per cent. of nickel is practically inex- 
pansible: the name zszaz has been given to 
this alloy. 


A CLOCK pendulum made from invar 
needs no compensation, since its length is 
unaffected by variations of tem- 
perature. Itis found that a rod 
of invar very slowly increases in 
length when kept at a constant 
temperature ; this change extends over many 
years, but is not of sufficiently large 
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magnitude to form a drawback to the use of 
invar in ordinary instruments of precision, 
although it renders this substance unsuit- 
able for the construction of ultimate standards 
of length. Invar is destined to play an 
important part in ordinary geodetical measure- 
ments : here the small progressive expansion 
mentioned above is of little consequence, 
since the standards of length can be periodi- 
cally compared with an ultimate standard ; 
on the other hand, the increase in accuracy 
is very marked. M. Guillaume has designed 
and constructed invar standards 4 meters 
long, of an Н section with a до mm. side; 
these are enclosed in aluminium cases, the 
whole of each weighing only 56 kgs.: the 
older form of standard, consisting. of two 
scales and a rigid support, weighed 72 Киз. 
without any containing case. For field 
measurements invar wire standards 24 meters 
in length can now be used; an accuracy 
approaching I in 1,000,000 is thus attained 
without using any correction for temperature. 
The wire, which is 1°65 mm. in diameter, 
can be wound on any drum exceeding 50 cms. 
in diameter, so that it can be readily 
transported ; in use, the wire is stretched by 
a constant load not greater than 20 kgs. 
At present, ten men using an invar wire 
standard can proceed in the measurement of 
a base line at the rate of 5 kilometers per 
day; previously, fifty men using rules and 
microscopes could only proceed at the rate 
of o'5 kilometer per day. In the future, 
the measurement of angles їп geodesy will be 
controlled by the use of several long bases ; 
while in the past the tendency was to reduce 
the number of base measurements as much 
as possible, by using numerous angular 
measurements. 

It has further been found that steel con- 
taining 45 per cent. of nickel possesses the 
same coefficient of thermal expansion as 
glass, with the result that nickel-steel wires of 
this constitution can be used for sealing into 
incandescent lamps, instead of the platinum 
wires heretofore used. Several manufacturers 
of incandescent lamps are now using this 
alloy of nickel and iron, under the name of 
platinite; it has been estimated that by this 
means a ton of platinum will be saved per 
annum, 


WE have not yet exhausted the interesting 
properties of nickel steel. When a or fi 
Use of Nickel ferrite is heated, its elasticity 

Steel in diminishes; on the other hand, 

Horology 4 great increase in elasticity 
accompanies the transformation from f to 
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у ferrite. Thus, by choosing а suitable 
alloy of steel, we can construct a spring 
of which the elasticity (Young's modulus) 
diminishes, remains constant, or increases 
with the temperature. Now the time of 
vibration of the balance wheel of a watch 
depends upon the ratio of the moment 
of inertia of the wheel to the Young's modulus 
of the hair spring:* so long as this ratio 
remains constant the balance wheel vibrates 
with a constant period. A rise of temperature 
causes the metal of which the balance wheel 
Is composed to expand, so increasing the 
moment of inertia of the balance wheel ; at 
the same time it causes the elasticity of the 
spring to diminish. Both these effects tend 
to increase the time of vibration, but the 
decrease in the elasticity of the spring is the 
more important; a rise of temperature from 
o^ to 3o C. will cause a watch with a mono- 
metallic balance wheel and a steel spring to 
lose five minutes per day. By using a nickel- 
steel hair-spring of such constitution that the 
elasticity is constant, 9o per cent. of this 
inaccuracy can be removed, and the cost of 
roughly compensating the watch can be 
reduced 50 per cent. 

Nickel steel may also be used in connection 
with marine chronometers, where the greatest 
accuracy is desirable. In the past these 
chronometers were compensated by the use 
of a compound balance wheel: the rim of 
the wheel was made in segments fixed only 
at one end, each segment consisting of an 
inner strip of steel and an outer strip of brass. 
A rise of temperature produces a greater 
expansion in the brass than in the steel, with 
the result that the free end of the segment 
curls round and approaches the centre of the 
wheel, thus diminishing the moment of inertia. 
The compensation was so adjusted that at 
the two extremes of temperature to which 
the chronometer was likely to be subjected, the 
ratio of the moment of inertia of the balance 
wheel to the Young's modulus of the spring 
had equal values. In this case the chrono- 
meter keeps correct time at either of these 
extreme temperatures; but the celebrated 
English watchmaker, Dent, found, їп 1833, 
that it gains for intermediate temperatures. 
The cause of this is that the decrease in the 
elasticity of the spring is not strictly propor- 
tional to the rise of temperature ; the elasticity 
diminishes more and more quickly as the 
temperature rises. On the other hand, the 
decrease in the moment of inertia. of the 
compensated balance wheel is sensibly pro- 
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portional to the rise of temperature. ‘Thus, 
if the compensation is arranged so that the 
moment of inertia of the balance wheel bears 
a constant ratio to the elasticity of the spring 
at the two extreme temperatures, the ratio 
will not be constant for intermediate tempera- 
tures, but will diminish, reach a minimum, 
and then increase as the temperature rises. 
This source of error can be practically 
removed by using a steel spring, together with 
a compensated balance wheel in which a 
strip of nickel steel replaces the ordinary 
steel heretofore used. The nickel steel is 
chosen so that its expansion increases more 
and more slowly as the temperature rises, 
with the result that the segments of the 
wheel curl round more and more quickly, 
and decrease the moment of inertia of 
the wheel at a greater and greater rate, 
as the temperature rises. In this way 
the unavoidable error of a chronometer 
has been reduced to about one-tenth of 
its previous value. A chronometer, 
made on these principles by M. P. 
Ditisheim, when tested by the Kew 
committee in 1903, was awarded 19:7 
marks out of a possible 20. 


Ат the recent Earl’s Court Exhibition 
Messrs. Townsonand Mercerexhibited an 
improved aspirator and measure 


ey devised by Mr. H. L. Greville. 
Apparatus The improvements consist in the 


substitution of a graduated glass 
vessel for the usual opaque unmeasured 
one, and the provision of a stopcock by which 
the flow of gas can be accurately regulated. 
The regulation of the flow of water is 
obtained by a glass receiver which may be 
placed at any desired level. The instrument 
is specially suited for use with Harcourt’s 
cclour-test, for CO,, H,S, and CS, in gases. 
An apparatus devised by Herr Becker, 
chemist to the Frankfort Gas Company, for 
the purpose of estimating water in tar, is 
shown in the subjoined illustration (Fig. 4). 
Themethod depends on heating under reduced 
pressure, in order to overcome the bumping 
and frothing which occur under atmospheric 
pressure ; and as a consequence the operation 
is performed more safely and expeditiously. 
А is a flask of one gallon capacity. C isa 
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Liebig's condenser, the central tube of which 
is continuous with the worm of the condenser 
D, which worm opens into the receiver E. 
V is a vacuum flask, connected with an air 
pump worked by a jet of water. V is 
connected with а manometer M, and with 
the bulbs in H, and thereby with E. 
Another water supply flows through H into 
C, thence by J to D, and away to waste at О. 
At I and K are pinch cocks opening to the 
Outer air. About 2} Ibs. of tar is put into A, 
the stopcock I is closed, and К opened ; the 
tar is heated until it begins to give off num- 
erous small bubbles. K is then closed, and 


FiG. 4.—BECKER'S APPARATUS FOR ESTIMATING 
WATER IN TAR. 


the air pump adjusted to give a sixteen 
inch mercury column. ‘The tar soon begins 
to froth violently, but is checked by a short 
squeeze at I, which promptly drives back the 
froth. This is repeated until the tar is tranquil, 
indicating the complete removal of water. 
On raising the vacuum to twenty-eight inches, 
and further heating, the tar gives off oils: 
the blackened walls of the flask are washed 
clear. When this occurs the heating is 
stopped, I is opened, and the air pump slowly 
put out of action. "The water stands below 
the oil in E, and may be run off and weighed. 
If by chance any of the froth gets up into the 
condenser C, open not the stopcock I, but R; 
air runs in and drives the froth back from C 
into A. The vacuum must be kept well up, 
so that the admission of the outer air may 
have the effect of repressing the froth; if the 
frothing is too vigorous, it may prove necess- 
ary to lower the flame. ‘The apparatus can 
lalso be used for estimating the oils. 


In a note on “ Soils and Subsoils” (TECHNICS, Vol. TIH., No. 13, p. 3), the price of the 
new geological maps on a scale of an inch fo the mile was given as 7s. 6d. instead of 15. 6d. 


each, their true price. 


We are anxious to rectify the error, since the usefulness of the maps 


ts much enhanced by their cheapness. 


THE FIBROUS CONSTITUENTS OF PAPER. 


By CLAYTON BEADLE. 
LMlustrated with photo-micrographs by John Christie, F.R.M.S. 


Fic. 1.—INDIAN UNRIPE CuTTON FIBRES WITH BLEACHED HUSK. 
(Magnified go diameters.) 


Prepared from “Cotton Hulls” by separation, 
boiling and bleaching. "These fibres are much smaller 
than the unripe Egyptian, and more firmly attached 
to the husk by means of the trumpet-shaped ends. 
lhe bleached husk-cells are well shown near the 
centre, The unripe fibres are generally zig-zag and 
entangled ; their central canals are almost imper- 
ceptible. ‘The husk-cells are angular and columnar, 
and the length of these cells represents the thickness 
of the husk. Their individual characteristics are not 
easily discerned in the untreated state. The colouring 


ONSIEUR MARCEL ROSTAING 
wrote me on October z2oth as 
follows : — 

"It would be interesting to 

notice that when a pull is applied 

to a strip of tubsized paper by means of the 
Paper-testing machine, the point of fracture 
always takes place in the middle of the strip, 


matter of the husk, with which these cells are per- 
meated, must be removed by drastic chemical treat- 
ment to admit of the cells being separated and 
rendered invisible in paper pulp. In the dried 
bleached pulp they can be separated from the cotton 
fibres by sieving. They are heavy and granular in 
the dry state. The colour reactions of the bleached 
husk-cells, when examined under the microscope, 
are distinct from those of the cotton fibres, but, like 
the latter, they are capable of withstanding very 
drastic chemical treatment. 


when tested according to machine direction, 
and near the jaws, very exactly at the same 
point, when tested according to cross 
direction." 

I have carefully preserved the fractures 
obtained in my researches for this series of 
articles. After looking through these carefully, 
I am compelled to admit that my results, 
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which cover a fairly wide field and extend into 
hundreds of tests made on different kinds of 
paper, do not on the whole confirm Rostaing's 
views, 1 can, on the other hand, find many 
instances of fractures that behave as Rostaing 
describes, but there are many that do #of do so. 
I conclude, therefore, that with certain papers 
Rostaing's remarks hold good, but other papers 
do not obey this rule, and as a consequence 
no definite law can be deduced from it. By 
comparing the fractures of strips cut at different 


FIG. 2.—INDIAN UNRIPE COTTON FIBRES. 
(Magnified 325 diameters.) 
Showing zig-zags, and exerc end (near 
bottom of picture), by means of which the fibres attach 
themselves to the husk. 


Fic. 3.—EGYPTIAN UNRIPE COTTON FIBRES FROM HULLS. 
Magnified go dtamcters.) 


Showing trumpet-shaped butt-ends as detached 
from husk, and bleached cluster of husk-cells. Note 
that many of the unripe fibres are nearly solid, and 
do not show spiral twistings, as with ordinary mature 
fibres. The cell walls were too thick to permit them 
to collapse and twist. The above elements were 
separated from the cotton hulls after having been 
mechanically deprived of loose husk, after which they 
were boiled under pressure and bleached. The husk 


cells have no felting qualities, and therefore do not 
give strength to paper, behaving as so much inert 
matter. Unripe cotton fibres behave very differ- 
ently from the mature fibres. They work very free 
on the paper machine, and produce а spongy 
paper, and behave very differently towards chemi- 
cal reagents. As with Indian cotton fibres, 
these generally present a very zig-zig entangled 
appearance. 
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Fic. 4. —EGvPrIAN UNRIPE COTTON FIBRES. 
(Magnified 325 diameters.) 


Focussed to show warty protuberances, often noticed in the 
isolated bleached Egyptian product derived from the hulls. 


angles (the fan method) some extremely 
interesting results are obtained wth any 
one paper. But when one comes to com- 
pare the results obtained with different 
classes of paper, or even with different 
makes of the same class of paper, the lines 
of fracture may be, and often are, quite 
different. We cannot be too cautious; 
and, therefore, with a variable substance like 
paper, we must perform a large number of 
tests before we can arrive at any definite 
conclusion. Our conclusions, when arrived 
at, must be stated only with very definite 
limitations, otherwise we shall find that 
later on it will be necessary for us to retract 
either a portion or the whole of our state- 
ment. 

The accompanying photo-micrographs 
are sufficiently explained by their under- 
lines. I should like, however, to mention 
that those photo-micrographs showing the 
peculiar method of distinguishing fibres by 


FIG. 5.—FIRRES OF PAPER MADE FROM AMERICAN COTTON ИСІ, 
(Magnified 150 diameters.) 
Showing in centre the granular nature of the butt ends which have been detached from the husk during the 
mechanical and chemical treatment to which the hulls have been subjected during their manufacture into paper. 
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Fic. 6.— FiBROUS ELEMENTS OF PAPER MADE 
ENTIRELY FROM BOILED AND RLEACHED AMERICAN 
CorroN HULLS. 
i Magnified go diameters. 

Note dark portion near the centre containing the 
supposed granules. Note also great diflerence 
between the American and the Indian and Egyptian 
cotton fibres derived from hulls. 


Гіс. 7.—VERY THIN, PURE Соттом ‘TISSUE 
PAPER, SEEN THROUGH. 
(Magnified go diameters.) 

This paper is manufactured for the purposes of 
nitration, and consists of nothing but absolutely pure 
cotton fibres. Notice that the fibres tend very much 
in the machine direction ; zzz., in a vertical direction. 
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boiling in hard water and allowing to cool 
were made at the instance of Mr. Christie. 
It is somewhat strange that when cotton 
and linen beaten fibres, after boiling in hard 
tap water, are allowed to cool, the crystals of 
carbonate of lime surround only the linen 
and not the cotton fibres. This test was 
repeated with similar results. It would not 
do, however, to conclude that this is always 
the case with mixtures of cotton and linen 
fibres, nor do we think itis. At present we 
have no possible explanation of this phe- 
nomenon. 

The photo-micrographs on the “ Standard 
Record Paper" have been added in conse- 
quence of information supplied to me, in the 
first instance, by Dr. B. F. Davenport, 
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Fic. 8.—TRANSVERSE SECTION, IN MACHINE 


DIRECTION, OF PURE CorToN TIssUE PAPER 
(вате as Fig. 7). 


(Magnified 325 diameters.) 


Treasurer to the American Chemical Society 
(North Eastern Section), and also on account 
of the information and reports submitted to 
me by Mr. Robert T. Swan, Commissioner of 
Public Records in the State of Massachusetts. 
The information contained in these reports 
forced me to the conclusion that, in respect 
of this very important matter, the United 
States are much ahead of this country, and 
our Government would do well to imitate 
their most excellent example. I hope to 
dwell upon this matter more fully on some 
future occasion. • 

The photo - micrographs showing the 
characteristics of the fibres and “ vessels” 
obtained by treating cotton hulls, either the 
Egyptian, Indian, or American product, have 
also been added as illustrating a subject to 
which I have for many years devoted much 
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FIG. 9.—FIBROUS ELEMENTS OF ‘f STANDARD RECORD PAPER." 
(Magnified 150 diameters.) 

Mounted in glycerine. This paper is used by order of the Senate 
for public records for the State of Mass., U.S.A. ; it consists of 
pure linen and new cotton fibres in almost equal proportions, and 
is prepared to specification by a few leading American firms as the 
result of exhaustive investigations and enquiry made by the State. 
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time and attention, especially in regard 
to the American product. If the 
“hulls” from either of these sources 
could be converted into paper and be 
made to pay, we should be provided 
with a large supply of raw material, 
which at present is for all intents and 
purposes a waste product. "The results 
of recent researches in this direction 
have been encouraging, but success 
has not yet been achieved. Any work 
or information on this subject should, 
however, be regarded favourably, as 
it might tend towards the solution of 
this important problem. 


The photo-micrographs of a pure 
cotton paper, the only one which I 


have ever been able to procure, have 


been added, in order that the same 
may be contrasted with those of a 
pure linen paper already published in 
this series ; and, lastly, a photo-micro- 


FIG. 10. 


(Magnified 150 diameters.) 
The same as Fig. 9, but mounted by boiling fibres in London tap water (containing fifteen grains per 
gallon of carbonate of lime), and allowing the water to gradually cool. It is ef extreme interest to note that 
the carbonate of lime from the hard water has crystallised round the linen fibres, but not round the cotton. 
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graph of the transverse section 
of leaf of boiled Esparto grass 
has been added. ‘This is the 
recent work of Mr. John 
Christie, and would have ap- 
peared in the section devoted 
to Esparto had it been avail- 
able at the timc. 

We hope later on to focus 
critically into the regions of 


bs 
ba 


FIG. 11.—CorTON AND LINEN FIBRE, AS IN FIG. IO. 
\ Magnified 325 diameters.) 
Showing how the crystals of carbonate of lime surround the linen, but not the cotton. 
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the vascular area, with a view 
to ascertaining what has 
become of the ‘‘vessels”’ 
which appear in the present 
photo-micrograph to be 
obliterated by the chemical 
treatment. The sclective 
action of the soda boil is well 
brought out in this photo- 
micrograph. 


Fic. 12.— BorLED ESPARTO GRASS IN TRANSVERSE SECTION, 


(Magnified 18 diameters.) 


Showing that the “vessels” have gone beyond recognition ; also that the purer fibres have swelled 
up under the action of the alkali. The lignified bands of fibres, running from the cuticular cells towards 
and surrounding the vascular area have undergone alteration. 
action of the soda boil upon the different elements of the Esparto leaf, and should for this purpose be com- 
pared with photo-micrographs of sections of unboiled leaf, as shown in the May number of TECHNICS. 


This section shows generally the selective 


THE ELECTRO-MAGNETIC THEORY. 
Explained without the Use of the Higher Mathematics. 


Part V.—' THE MAGNETIC CIRCUIT. 


By EDWIN EDSER, A.R.C.Sc. 


N the January number of 

TECHNICS I explained some 

of the fundamental proper- 

ties of the electric circuit. 

It was there shown that the 

magnetic field due to a 

current flowing along a very 

long straight conductor consists of circular 
lines of force lying in planes perpendicular to 
the conductor; each circular line of force 
embraces the current, and is concentric with 
the section of the conductor. Thus there is no 
force acting on a pole in a direction parallel 
to the conductor, and no force in the direction 
of the perpendicular let fall from the pole on 
to the conductor. Ifa unit N pole is placed 
at A (Fig. 1) in the neighbourhood of a 
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Conductor carrying a current C vertically 
downwards through the plane of the paper, 
the force F acting on it has the direction of 
the arrow AF, drawn as a tangent to the 
Circular line of force ABDE. The magnitude 
Of the force F acting on the unit N pole was 
Proved (TEcHNIcs, No. 13, January, 1905, 
Page 45) to be equal to 2C/r, wheie C is 
the value of the current, in c.g.s. units, and 7 
IS the perpendicular distance of the point A 
from the conductor. 

_If we move the unit N pole round the 
circle AEDBA (Fig. 1) the force F acting on 
the pole at each point will directly oppose 
Its motion, so that the work done in moving 
the pole round the circle is equal to 

Е x circumference of circle AEDBA, or 


2С x amr = 4тС. 
p 


Now, this result is independent of 7, the 
radius of the circular path ; consequently the 
Work done in moving a unit N pole round 


any circle concentric with the conductor, 
lying ina plane perpendicular to the con- 
ductor, is equal to 4C. If, in Fig. т, the N 
pole is moved in the direction AEDBA, 
work must be performed by the agent moving 
the pole; this work is converted into energy 
supplied to the electric current. To be quite 
clear on this point, notice that carrying the 
N pole in an anti-clockwise direction around 
the conductor produces the same effect as 
keeping the pole stationary and moving the 
conductor around it in an anti-clockwise 
direction ; when the conductor is moved and 
the pole is maintained in a fixed position, the 
lines of force from the N pole will be bent 
round in front of the conductor, so as to 
oppose its motion, thus indicating the pro- 
duction of an E.M.F. acting downwards 
through the plane of the paper, or гл the 
direction of the current C. 

On the other hand, if a unit N pole, free 
to move round the circle ABDE, were 
placed at A, it would travel round the 
circle in a clockwise direction, and in every 
revolution the current would perform on the 
pole an amount of work equal to 47C. In 
this case it is easily seen that an E.M.F. 
opposing the current will be generated in the 
conductor ; in order that the current may be 
maintained constant, the battery or other 
arrangement supplying the current must 
produce an amount of energy in excess of 
that dissipated in heating the conductor and 
the rest of the circuit, this excess amounting 
to 47C ergs for every revolution of the unit 
N pole. 

Let GH be an arc of a circle of radius 
СС = z, drawn about C as centre. Let the 
angle GCH = б, and let the radii GC and 
HC cut the circle ABDE in the points B and 
D. Then the arc BD = r6, while the arc 
СН = 710. It is easily seen that the work 
done in moving a unit N pole from G to H, 
is equal to that done in moving the pole 
from В ќо С. For the force opposing the 
motion of the pole during its passage from 
G to H is equal to 2C/z,, and GH = 7,0: 
therefore, work done = (2C/rj)) x 0 = 
20C. Similarly the work done in traversing 
the path BD = (2C/r) х 70 = 20C. Conse- 
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quently, if a unit N pole is moved round the 
path BDHGB, so as to return to the point 
whence it started, there will be no resultant 
work performed. In passing from B to D, 
the current will perform 26C ergs of work 
on the pole; in passing along the radial 
element of path DH no work will be per- 
formed, since the direction of motion 15 
perpendicular to the force acting on the 
pole; in passing from H to G, the agent 
moving the pole must perform 20C ergs of 
work, the corresponding amount of energy 
being returned to the electric circuit ; finally, 
no work is performed in passing from G to B. 
Thus, the unit N pole gains 20C ergs of 
energy in passing from B to D, and loses 
20C ergs in passing from H to G. 

Let ABD (Fig. 2) be a closed curve of any 
shape, drawn so as to embrace a conductor 
carrying a current C, the direction of the 
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current being perpendicular to the plane in 
which the curve is drawn; then it is easily 
proved that the work done in moving a unit 
N pole round the closed curve ABDA is 
equal to 47C. With centre C and any radius 
draw the circle EFG. Divide the portion 
AB of the given curve into small elements by 
means of radii drawn from C, and resolve 
each element into a small radial portion 
together with a small circular arc, as shown 
in Fig. 2. Then, if the elements are small 
enough, the portion AB of the curve will be 
indistinguishable from the series of steps, 
each consisting of a small radial portion and 
a small circular arc, into which AB has been 
resolved; therefore, the work done will be 
the same, whether we carry the unit N pole 
along the curve AB, or along the series of 
infinitesimally small steps. Now, in carry- 
ing the unit N pole over one of the steps, 
no work will be done in traversing the radial 
portion; and in traversing the circular arc the 
work done will be equal to 20C, if the 
circular element subtends an angle 0 at C. 
Hence, if there are z steps between A and B, 
and each circular element of a step subtends 
an angle 0 at C, the work done in carrying 


Technics 


the pole from A to B will be equal to 276C, 
where 76 = angle ACB. But the work done 
in carrying the unit N pole from E to F 
along the circular arc EF is equal to 2C X 
angle ACB; hence, we conclude that in 
carrying the unit N pole once round the 
closed curve ABDA, the work performed 
will be equal to that required to carry the 
pole round the circular path EFGE, i.e., to 
47TC. If the unit N pole were carried round 
a curve which does not embrace the current, 
the work done would be equal to 47 X o = o. 

We may now consider the more general 
case, where a unit N pole is carried round 
any Closed curve ABDE, Fig. 3, embracing 
a long straight conductor carrying a current 
С; this curve need not lie in a plane perpen- 
dicular to the conductor, and indeed need not 
lie in any plane. Project the curve ABDE 
on to a plane perpendicular to the conductor, 


C 


FIG. 3. 


thus obtaining the curve FGHK. Let GH 
be the projection of BD; then since the 
closed path BGHD does not embrace a cur- 
rent, there will be no resultant work performed 
in carrying a unit N pole round BGHDB. 
The straight lines BG and DH are perpen- 
dicular to a plane which is itself perpendicular 
to the conductor; hence these lines are 
parallel to the conductor. Since no force 
parallel to the conductor acts on the pole, no 
work will be performed in traversing either 
ВС ог HD. Thus the work done in traversing 
DB and GH must be equal to zero, or the 
work done in traversing DB 1s equal and of 
opposite sign to that done in traversing GH ; 
in other words, the work done in traversing 
BD is equal to that done in traversing GH. 
Thus in passing round the closed curve 
ABDEA, the work done in traversing any 
element will be equal to that done in traversing . 
the corresponding element of the curve 
FGHKF ; therefore the total work performed 
in traversing the curve ABDEA is equal to 
the work performed in traversing the curve 
FGHKF. But, as already proved, in traver- 
sing the curve FGHKF drawn in a plane 
perpendicular to the conductor, the work done - 
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will be equal to 47C, where C is the c.g.s. 
value of the current flowing along the con- 
ductor. Hence we conclude that ¿x carrying 
a unit N pole round any closed curve which 
embraces a long straight conductor carrying a 
current С, the work done 15 equal fo nC, no 
matter what may be the shape or position of the 
curve chosen, 

An important distinction must now be 
drawn between the magnetic field due to an 
electric current and that due to a magnet. 
When a unit N pole is carried round an 


FIG. 4. 


electric current, the electric circuit gains or 
loses energy according as the pole loses or 
gains energy ; this is a direct result of the 
law of conservation of energy. If, however, 
a unit N pole is carried round a magnet in 
any path whatever, the magnet neither gains 
nor loses energy, since its condition remains 
unaltered throughout the process, and there- 
fore the unit N pole can neither gain nor lose 
energy; in other words, 70 resultant work is 
performed when a unit N pole is carried round 
any closed curve in а space where the magnetic 
field 15 wholly due to a magnet er any collection 
of magnets. 

The above reasoning, which depends on 
the assumption that the current flows along a 
very long straight conductor, must now be 
extended to the case where the conductor is 
bent into any required shape. Let AB, 
Fig. 4, be part of a very long straight conductor 
carrying a current C in the direction of the 
arrow ; then in carrying a unit N pole once 
round tbe closed curve abc embracing the 
conductor AB, the work performed is equal 
to 47zC. If we place a bent conductor DEF, 
carrying any current, in the neighbourhood of 


abc, the field at each point of the curve abe 


may be altered, but the alterations will be 
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such that the work done in carrying a unit N 
pole round ae has the same value as before, 
viz., 41C ; provided, of course, that the curve 
abe does not embrace any part of the circuit 
DEF. ‘To prove this, let us replace the 
circuit DEF by a plate of hardened steel of 
the same shape, magnetised so that one flat 
face has an N and the other an S magnetic 
polarity ; then, by distributing the magnetism 
suitably, we may arrange that the lines of force 
leaving any particular point of the plate are 
precisely similar to those previously produced 
at the same point by the current Cflowing along 
the circuit DEF ; in this case the magnetised 
steel plate will produce a field at any point of 
the circuit abc exactly equal to that due to the 
current C flowing in the circuit DEF, and 
therefore the work done in moving a unit N 
pole round ade will be по more modified by 
the presence of the current C flowing along 
DEF than by the presence of the magnetised 
plate. But in moving a unit N pole round 
a closed curve, no extra work is performed if 
a magnet or a collection of magnets is brought 
into the neighbourhood ; therefore no extra 
work is performed owing to the introduction 
of the circuit DEF carrying the current C. 
Let us suppose that the conductor EF is 
placed side by side with a portion of the 
conductor AB, as in the figure, and that EF 
Is extended indefinitely ; then the magnetic 
field due to the current C flowing along EF 
in the direction from E to F will just neutra- 
lise the field due to the same current C flowing 
along the adjacent portion of the conductor 
AB їп the direction from A to В; so that, so 
far as the magnetic field at any point of the 
curve ac is concerned, we may annul EF and 
the contiguous portion of AB,and suppose that 
the current C flows along the bent path DEB, 
the conductor DE being of considerable tength. 
In a similar manner we may add the 
circuit G H K, carrying a current equal to 
С in the direction of the arrow; then НК 
wili annul the effect of the contiguous portion 
of D E, with the result that the current C 
may be supposed to flow along the path 
GH E B; as before, this will make no 
alteration in the work done in carrving a 
unit N pole round a ^e. Proceeding in this 
manner, we may finally obtain. a current 
C flowing along the polygonal path 
EPONMLKH EE, while the work done 
in carrying a unit N pole once round the 
closed curve abc remains equal to 47 (€. 
Further, it 1s obvious that the sides of the 
polygon can be made as numerous, and each 
as small as we please, and the polygon can, 
therefore, be caused-to approximate аз closcly 
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as we please to any given curve; hence we 
conclude that z/ an electric circuit has any shape 
whatever, the work done in carrying a или 
N pole once round the current is equal to 
4m X the сз. value of the current. 

If the circuit includes a number of loops, 
and a path is chosen embracing more than 
one of these loops, then the work done in 
carrying a unit N pole round this path is 
equal to — 
4T X C.g.s. value of current X number of loops 

embraced ; 
for the work done in carrying the unit 


ж= ч = = oe 


N pole round any loop must be added to 
that done in carrying it round the other 
loops. 

The law just deduced is of considerable 
theoretical importance ; it can, moreover, be 
used in obtaining results of great practical 
utility in a very simple manner, as I shall 
proceed to show. Let us first obtain the 
value of the magnetic field within a very 
long solenoid, round which circulates a 
current C. As a preliminary we must in- 
vestigate the distribution of lines of force 
within the solenoid. 
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Fic. 5.—LiNES OF FORCE DUE TO A CIRCULAR CURRENT. 
The axis of the circular current is represented thus —,—.—.— 
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The lines of force, due to a current flowing 
round a single circular turn of wire, are shown 
in Fig. 5. The small circles represent sections 
of the .conductor at opposite sides of a 
diameter of the turn; the lines of force are 
somewhat like those due to equal currents 
flowing along straight and parallel conductors 
in opposite directions (TEcHNics, Vol. III., 
No. 13; Jan., 1905, p. 40), the chief dif- 
ference being that the lines of force produced 
by the straight parallel currents are circles, 
while those due to the circular current are 
oval, the longer diameter of each oval being 
in the line joining the two sections of the 
conductors. It should be noted that the 
lines of force are greatly crowded near 
the conductor on the inside of the circuit ; 
the tension of each line, combined with its 
curvature where it passes through the plane 
of the circuit, pulls the line strongly toward 
the conductor. We may infer from Fig. 5 
that if the circular turn of wire were perfectly 
flexible and extensible, it would increase in 
diameter, the lateral pressure of the lines of 
force on the conductor causing the circuit 
to expand. 

Fig. 6 represents the lines of force due to 
two co-axial circular turns of wire carrying 
equal currents in a uniform direction. The 
way in which many of the lines of force due 
to one turn link themselves on to lines due 
to the other turn, will be readily understood 
by the reader who has followed the previous 
articles on “ The Electro-Magnetic Theory.” 
From the disposition of the lines, it may be 
concluded that the two circular turns will 
apparently attract each other, and each will 
tend to expand. The lines, due to their 
curvature, are still somewhat crowded in 
the neighbourhood of the conductors ; but as 
the lines of force within the turns are not so 
much curved as in Fig. 5, the crowding of 
the lines is less excessive. The closer the 
turns to each other, the greater will be the 
proportion. of lines which embrace both 
turns ; if we imagine the turns to be placed 
all but in direct contact with each other, 
practically all the lines will embrace both 
turns. 

lf we imagine a third turn of wire to be 
placed co-axially with. the two represented 
in Fig. 6, the currents in all three turns 
circulating in a uniform direction, then a 
great number of lines of force will encircle 
all three turns, and these lines, in the space 
within the turns, will be more nearly straight, 
and therefore less crowded in the neighbour- 
hood of the conductors. 

A solenoid may be supposed to consist of 
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a great number of co-axial circular turns 
placed very near to each other. If the 
solenoid is very long in comparison with its 
transverse dimensions, it is clear that the 
lines of force within it must be practically 
straight, and parallel to the axis of the 
solenoid, except in the immediate neighbour- 
hood of the ends (Fig. 7). Now if the lines 
are straight, their longitudinal tensions can 
produce no forces perpendicular to their 
lengths, and therefore the only forces de- 


ko a 2 А 
( I / 4 US Ы \ \ 
i П < ` ` ‘ 
I 4 € e == V 1 
1 I P end -- 47 - `~ { 
П 4 2 `~ \ t 
\ \ б, zi v y \ П 
Ое еи 
` + ол к >» SM if 
/,77« „=ч ү A 
Жол тШ La TV Мр” c 
УК, bor 6: Wey ta tog 
` \ Vt. e P , o... Va TERS ТИЛИ. 
o. AT JM Су 7а MM n 20 X 
\ А! \ Р ^4 -»-. NN F AM, / 
` ММ“ м PEL ff r ` NM os A ө 
x ` 4 = SAN ee oe a” ~ SES 112 A ^ 
DX NG. Ed das Re Ir a, 
Ы -a æ “me vt 
` м SS LIE ан" worth =. “sm. le: t4 - Phá 5 
EN ` OE nc Senan - ^ 
& “ NM 5-2 = т> 5-2. 27 ut » d 
~ - = =———- „ 
^» ~ Were See =F VENE "d - 
а ub rt | NND e = у” 
~ oe 
Mute, te oct у аан -^ 
х p” 
==. "d 
-- Ыр э=--—=-<---ә-—=—=” 
- L d Log Lad ять. = Lg Бел ен й -— -— ==» = =» 0 am о am е LI 
ig US ERIS or eS Pernt eee 6 2 2 _ 
Pad — — 2 
ov DR TAL 
дее i - - »--------..-. 
P" “<<. 
a ee та ааа а TIE ~ 
De Le ~- = -Je æ = un M ы 
+ „7 PELLIS »-—-—-7-7-- ы ^. 
r Po aT а D ~ “a ` 
- = ~~ 3 Dana a moo me x 
К Pid osea ы лш. Sue ыл ы. зе N *.. 
Jes quc а mum i oue 
ER Won =з» s cette 
< КА 4 P RC ES 5р - - PLA LIO СУЎ v TX 
. 7 RGS on lS АА MNA „1 oot х4 ` ` 
f я d vL. Е s r їі, ` o 
._, Аи Oy OAN мои 0 Nox s 
, , 3^1 \ о А man ` 
ГА i Pin. 1 4 >» " ‚зз a" ` 4 
Pog Жк А ‘ M ey ON OS 
ГА I ! en э ` 4 * LE: toy \ 
5 | LS ae Ұ t Nu or uo d d 
i сау е ` 4 4a \ 
I LI s z w - 1 LI 
бб, Yon 5 nd iol iac £o ok а „ 
` Pd 
П "AES ` „+ sf i 7 
і \ \ ` SEE Se l2 r li t 1 
`~ ^ 
i ES < х бк, а 
D \ ` ~ 2* , А i 
ө 
` ` ~ ә M 


~. e ә [] 


Fic. 6.—LixEs OF FORCE DUE TO TWO CO-AXIAL 
CIRCULAR CURRENTS FLOWING IN THE SAME 
DIRECTION. 


The common axis of. the two circles is represented 
UUS ap oe BESS шше tet 


termining the positions of equilibrium of 
the lines must be their lateral repulsions. 
Further, as the pressure urging a tube of 
force to expand is inversely proportional to 
the sectional area of the tube, it follows that 
all tubes must be equal in sectional area in 
the space within the solenoid, or the lines of 
force (which represent the axes of the tubes 
of force) must be equi-distant one from 
another. But the number of lines of force 
passing normally through unit area at any 
point measures the field, or force per unit 
N pole at that point; hence, since the lines 
of force are parallel and uniformly distributed 
over the cross section of the solenoid, we con- 
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Fic. 7.—LINES OF FORCE WITHIN A SOLENOID. 


clude that the field is uniform, both in direction 
and magnitude, at all points within, and not 
very near to, the ends of the solenoid. 

To find the magnitude of the field within 
the solenoid, we may proceed as follows :— 
Draw the rectangular figure ABCD, Fig. 7, 
the side AB being one centimeter long, and 
drawn parallel to the axis of the solenoid or to 
the lines of force within this. If the figure 
ABCDA embraces #, conductors each carry- 
ing a current C (in c.g.s. units), then the 
work done in carrying a unit N pole round 
the path ABCDA is equal to 47C»,. In 
carrying the unit N pole from A to B, in the 
direction of the lines of force, the work done 
on the pole is equal to F x AB = F x1, if F 
is the magnitude of the field in dynes per 
unit pole. No work will be performed in 
carrying the unit N pole from B to C, since 
this path is perpendicular to the lines of 
force. The field outside the solenoid 15 
equal to that produced by an N pole of 
suitable magnitude placed at one end, together 
with a numerically equal S pole placed at 
the other end of the solenoid. Now, if the 
solenoid is very long, its two ends will be so 
far removed from the middle of the solenoid 
that the field due to the lines of force leaving 
the ends (or to the magnetic poles which, if 
placed at the ends, would produce the same 
field outside the solenoid), will be inappreci- 
ably small at any point in the line CD. 
Hence, the work done in carrying a unit N 
pole from C to D will be so small as to 
be negligible. Finally, no work is performed 
in carrying the unit N pole from D to A. 
Thus the total work performed, in following 
the closed path ABCDA, is equal to F 
ergs per unit pole; and we have previously 
found the value 4zC»z, for the work done in 
following the same path. Hence, finally, 


F = 4тСл\, 


or, in words, the field within a solenoid which 
ts very long in comparison with its transverse 
dimensions, is egual to дт times the current 


arculating round the solenoid, multiplied by the 
number of turns per unit length of the solenoid. 

We have heretofore supposed that the 
medium in which the unit N pole and the 
conductor carrying the current are immersed 
is non-magnetic (и = 1). Let us now suppose 
that a current C flows downwards through 
the plane of the paper (Fig. 8) along a very 
long, straight conductor lying on the axis of 
a cylindrical hole or tunnel in a magnetic 
medium of permeability ш; that is to say, 
the medium within the circle ABD (Fig. 8) is 
non-magnetic, while the medium outside this 
circle has a permeability equal to д. Let 
CE, CF be any two radi, while EF and 
GH are two circular arcs drawn with C as 


centre, the one just within and the other just 
without the circle ABD ; we may suppose that 
the arcs EF and GH are so close together that, 
if both were in the same medium, the fields 
along both would be sensibly equal, as would 
also be the lengths of the arcs. In carrying a 
unit N pole round the closed path GHFEG, 
the resultant work done must be equal to zero, 
since no current is embraced ; hence, the 
work done in going from E to! F must be 
equal to that performed in going from G to 
Н; and since the arcs EF and GH are 
supposed to be sensibly equal in length, the 
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force acting on the unit N pole must be the 
same just outside as just inside the circle 
ABD. But if there are B lines of force per 
square centimeter at E in the outer (magnetic) 
medium, the force per unit pole is equal to 
(B/u) (ТЕснхїс<, Vol. II., No. 12, page 575). 
If there are H lines of force per square 
centimeter at G in the inner (non-magnetic) 
medium, the force per unit pole is equal to 
H. Hence, 


B dr 


| H 
or В = рН. 


From this we conclude that af алу point in 
the magnetic medium, there will be p times as 
many lines of force per square centimeter as if 
the medium were non-magnetic. The force 
acting on a unit N pole is, however, indepen- 
dent of the nature of the medium; we may 
suppose the magnetic medium to reach right 
up to the conductor, and the force acting on 
a unit N pole at any point will remain 
exactly the same as if this medium were 
absent. Thus the force exerted by a current 
on a pole is independent of the surrounding 
medium, and consequently, the force exerted 
by the pole on the current is independent of 
the nature of the surrounding medium. As 
the number of lines of force leaving a given 
pole is independent of the medium (TECHNICS, 
Vol. II., No. 12, page 575), we conclude that 
the force acting on the current depends only 
on B, the number of lines of force per square 
centimeter due to the independent field in 
which the conductor is placed, the current C, 
and the length / of the conductor. 

Consider the case of two long parallel 
wires, each carrying a current equal to C, 
the surrounding medium having a per- 
meability equal to p, the distance between 
the wires being equal to. Ata distance 7 
from a long conductor carrying a current C, 
the force per unit N pole is equal to 2C/r 
whatever may be the nature of the surround- 
ing medium ; and since the number of lines 
of force per square centimeter is equal to p 
times the force per unit N pole, either con- 
ductor is placed in a field B equal to 24C/r 
lines of force per square centimeter due to 
the other current. Then, since the force 
acting on the conductor is equal to B/C, 
where / is the length of the conductor, it 
follows that this force is equal to— 


2p C М 2 і са 
» r 


Thus the force between two given currents 
at a given distance apart is directly propor- 
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tional to the permeability of the surrounding 
medium. On the other hand, as we have 
already proved, the force between a given 
current and a given pole at a given distance 
apart is independent of the permeability of 
the surrounding medium ; while the force be- 
tween two given poles at a given distance 
apart is inversely proportional to the perme- 
ability of the surrounding medium. 

A further application of the principles 
discussed in the present article must now 
be considered, on account of its practical 
importance. Fig. 9 represents a ring com- 
prising (1) a portion of large sectional area 
a, and mean length 4, composed of iron of 
permeability mı; (2) a portion of smaller 
sectional area a, and length Z, composed of 
iron of permeability д„; and (3) a narrow gap 


Fic. 9.—TO EXPLAIN THE NATURE OF THE MAG- 
NETIC CIRCUIT. 


(termed the air gap) between the free ends of 
the two narrower portions of the iron ring. 
Let a current C, in c.g.s. units, flow through 
л turns embracing the iron core; then if a 
unit N pole is taken round a closed curve 
through these # turns, the work done 
will be equal to 47 Сл. Let B, be the 
number of lines of force per unit area in the 
portions of the iron ring with sectional area 
a,; then the work done in carrying a unit 
N pole along the length д of the axis of this 
portion will be equal to (B,/m,) 4. If В, is 
the number of lines of force per square 
centimeter in the narrower portion of the iron 
ring, then the work done in carrying a unit 
N pole along the length /, of this part of the 
iron ring will be equal to (B,;/4;)/;. Let B; 
be the number of lines of force per square 
centimeter along the axis of the airgap; then 
the work done in carrying a unit N pole 
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across the air gap will be equal to B, 4, since 
for air p = 1. Then 

Bi4  В,2 © (1) 
a He 

To a first approximation, the total number of 
lines of force passing through the thicker 
portion of the iron ring will also pass through 
the thinner portion ; if this total number of 
lines of force is equal to ¢, then В, =¢/a,, 
and B, = $/a,. If the air gap is very narrow 
in comparison with the area of the free polar 
surfaces bounding it, we may assume that 
practically all the lines of force leaving one 
polar surface go directly across to the other, 
so that the @ lines leaving one polar surface 
and entering the other he within an area of 
a, square centimeters in the air gap; then 


4т Си = T B5. 


В, = $/a, Substituting in (1) above, we 
have 
à у 4 LA 
47 Ся = of T ME t at p ou) 


From (2) it is seen that if we know C and 
n, together with the dimensions of the iron 
ring and air gap, we can find the value of ф, 
the total number of lines of force crossing 
the air gap; while if $ and the dimensions 
of the ring are given, we can readily calculate 
the value* of Cz necessary to produce the 
given value of ф. It must here be remarked 
that for magnetising forces greater than about 
one-tenth of the earth’s horizontal component, 
p. 15 not constant, but depends on the value 
of B. The magnetisation curve for a given 
sample of iron may be plotted by obtaining 
the value of B,, the number of lines per square 
centimeter 1n a sample of the iron, for 
different values of H, , the magnetising force 
(force per unit pole) within the iron; then 
for a given value of B, in (т), we have 
В, /#, = H,, where Н, is the magnetising force 
corresponding to the given value B, on the 
curve. The same method can be applied to 
find В, /р,, if a magnetisation curve for a 
sample of the corresponding iron has been 
obtained. The name of the late Dr. John 
Hopkinson will alwavs be associated with 
this method, which, more perhaps than any 
other development of electrical science, has 
contributed to the success at present attained 
in the design of dynamos and motors. 

A similarity between the above results and 
those appertaining to the electric circuit 
must now be mentioned. If E is the E. M.F. 
in a circuit, consisting of conductors with 


* Ся is of course equal to one-tenth of the product 
of the current in amperes into the number of turns ; 
or one-tenth of the ampere-turns, 
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resistances R,, R,, R,, arranged in series, 
then the current C 15 given by the equation 


E=C(Ri+R,+Rs) . . (3) 
Now if the conductor of resistance К, is 
composed of a substance of resistivity 7, the 


length and sectional area of the conductor 
being denoted by 4 and a,, then 


Similarly, we may write 


l {. 
2773 Ta an 3 F3 а, 
Then 
s-c(nten en). @ 
а, a. (14 


There is an obvious similarity between equa- 
tions (2) and (4). In the electric circuit, 
given the value of the E.M.F. and the total 
resistance of the circuit, we can readily 
calculate the value of the current С; or if 
the E. M.F. and current are given, the value 
of E/C gives us the total resistance of the 
circuit. In the magnetic circuit, the value of 
(4 т Сл) /ф gives us the magnitude of the 
quantity within the brackets on the right-hand 
side of (2), which is termed the magnetic re- 
sistance or reluctance ОЁ the circuit; so that 
4 T Сл and $ in the magnetic circuit re- 
spectively correspond to E and C in the 
electric circuit. The quantity 4 7 C » is very 
generally known as the magnetomotive force 
(M.M.F) of the magnetic circuit; this is a 
misleading title, since it does not refer to the 
force per unit N pole at any point of the 
circuit, but the work done in carrying a unit 
N pole right round the magnetic circuit ; a 
better, but somewhat cumbersome, name for 
4 C л would be the magnetic potential differ- 
ence (M.P.D.) round the magnetic circuit. It 
has further been suggested that, just as we 
may speak of the fall of electric potential 
round the electric circuit as the vo//agr, so we 
may speak of the fall of magnetic potential 
round the magnetic circuit as the gaussage.* 
The quantity $, representing the total number 
of lines of force passing through any cross 
section of the magnetic circuit, is generally 
known as the fux. Thus in the magnetic 
circuit we have 


Gaussage 
а ВЕ Reluctance, 
Flux 
just as, in the electric circuit, we have 
Voltage 
5 OMABE _ Resistance. 
Current 


* In honour of Gauss, a celebrated German 
physicist ; gaussage is pronounced youce-age, 
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There is, however, an important difference 
between reluctance and resistance which must 
be noted. By Ohm's law, when the tempera- 
ture of the conductors in the electric circuit 
remains constant, the value of the ratio 
voltage /current, or the resistance, remains 
constant, whatever may be the value of the cur- 
rent. In the magnetic circuit, the value of the 
permeability varies with the flux density (num- 
ber of lines of force per square centimeter) 
and therefore with the flux 4, so that the 
reluctance of the magnetic circuit will vary 
with ¢, unless there is no iron, steel, nickel, or 
other magnetic substance in the circuit. 


Comparing equations (2) and (4), it is 
easily seen that ғ, the resistivity or specific 
resistance (е, the electrical resistance 
between opposite faces of a centimeter cube 
of the substance of which the conductor is 
composed), corresponds to 1/p, the reciprocal 
of the permeability. Thus 1/ is termed the 
reluctivity of the portion of the magnetic 
circuit. Mr. Heaviside has suggested that д 
should be called the permittivity (instead of 
the permeability), in order to bring it into 
line with the term conductivity applied to 
the corresponding quantity in the electric 
circuit. 


(To be continued.) 


CUTTING, GRINDING, AND MOUNTING ROCK 
SECTIONS. 


By E. HOWARD ADYE. 


LTHOUGH many of the 
current handbooks of micro- 
scopy, geology, and petro- 
grapby contain more or less 
explicit directions for the 
preparation of thin sections 
of minerals and rocks for 

microscopic examination, none of them ex- 
plains how the task ought to be performed, 
from commencement to finish, in a thoroughly 
workmanlike way. It is far from satisfactory 
to only occasionally succeed in securing 
sections sufficiently thin for scientific research, 
but this is all that can be expected from 
the methods usually indicated ; whereas, by 
carrying out the following instructions in their 
integrity, the careful operator can scarcely 
fal to obtain results, not only eminently 
suitable for research, but worthy of preserva- 
tion as works of art. 

Rocks vary very considerably in their 
textures, from blown-sand and soft clays, 
through friable chalks, to such indurated 
substances as granite, basalt, marble and the 
like. It is’ only with the latter types of 
Coherent and hard rocks that the author 
Proposes to deal. Valuable hints on the 
collection and treatment of suitable rocks are 
recorded by Rutley.* ‘To minimise the 
labour of grinding, rock-chips for section- 
making should be procured as flat as possible 
оп both surfaces, and ought to measure about 


——— 


- —— —————————— — —— 


*“ The Study of Rocks." Ву Frank Rutley, 
F.G.S., etc. Longman's Text-books of Science, 


London, 1879, pp. 39-44, 59 et sequentes. 


one inch in diameter, and not more than one- 
eighth of an inch in thickness. With com- 
paratively soft yet coherent rocks, such as 
most serpentines and marbles, the one-eighth 
of an inch can be rapidly reduced ; but with 
hard rocks like basalts and granites, if the 
chip is much thicker than this the grinding 
by hand will be found very laborious. 

The precise methods of preparation may 
now be considered under the following 
heads: — (L.) Procuring Chips or Slices; 
(11.) Grinding the First Surface ; (111.) Cement- 
ing and Reducing the Slice; (IV.) Mounting 
the Section. 


I.—PrROCURING CHIPS OR SLICES. 


Suitable chips can best be obtained in the 
field by plying the square end of the geological 
hammer against advantageous edges of the 
rock. It will very soon be found that while 
some specimens can be procured with the 
utmost ease, others offer almost insurmount- 
able difficulties; for example, the basalt of 
the Giant’s Causeway will readily yield flake 
after flake of over one inch square, tolerably 
flat, and even less than one-sixteenth of an 
inch in thickness; while the utmost dexterity 
may be exercised in vain to procure а much 
smaller chip, one-eighth of an inch thick, from 
the granite of Shap Fells, or almost any other 
holocrystaline rock. In the laboratory, Mr. 
Rutley's directions* may be followed with 
advantage. 

Apart from coarsely crystalline (granites, 


* Loco citato, page бо. 
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etc.), and heterogeneous fragmentary rocks 
(breccias, etc.), there are numerous minerals 
and cleavable rocks which require to be cut 
in certain definite directions, or in planes 
other than those of their cleavage. In such 
cases it is imperative that the material shall 
be sliced. Some fairly compact rocks, such 
as hard chalks, limestones, serpentines, and 
even picrites and other volcanic rocks, can be 
easily sliced by hand, with the aid of a finely 
tempered tenon-saw lubricated with water; 
others, such as the harder dolerites, basalts, 
marbles, slates and the like, are also amenable 
to hand-slicing by means of a toothless soft- 


FIG. 1.—JORDAN’s LAPIDARY BENCH. 


iron tenon-saw plentifully supplied with water 
and an abrasive powder, such as No. 9o hole* 
emery, or, better still, the wonderful new 
material known as “ carborundum" powder, 
of about the same calibre. 

Carborundum is the name given by Mr. E. 
G. Acheson, of Niagara Falls, N.Y., U.S.A., 
to an artificial silicide of carbon, having the 
formula CSi, which has not hitherto been 


* The (егт ** No. оо hole " means, that the grains 
of the powdered material have been passed through a 
sieve having ninety threads to an inch, but will not 
pass through one with 100 threads to the inch,} 
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found in Nature. It is formed by fusing a 
mixture of coke and sand, with salt as a flux, 
in an electric furnace. It crystallises in the 
hexagonal system, and possesses abrasive 
properties superior even to those of sapphire. 
While not quite so tough as diamond bort, 
it approaches the hardness of this substance. 

Hand-slicing is, at best, a laborious process, 
so that the assistance of a working lapidary is 
often requisitioned. Every modern well- 
equipped laboratory, however, ought to be 
provided with a good lapidary bench for both 
slicing and grinding minerals and rocks for 
microscopic observation. Many suchmachines 
аге made by German laboratory fitters; but 
there is to-day only one thoroughly trustworthy 
appliance of the kind in the English market. 
This excellent *Amateur's Lapidary Machine" 


F1G.2.— PLAN AND SECTION OF JORDAN’S LAPI- 
DARY BENCH. 


was devised by Mr. James B. Jordan, of the 
Mining Record office, and is made and sup- 
plied by Messrs. Cotton and Johnson, of 14, 
Gerrard Street, Soho, London, W. 

The working parts of Jordan's Lapidary 
Machine are clearly shown in Figs. 1 and a. 
From these it will be seen that the appliance 
consists of a strong framework’ of seasoned 
mahogany, the pillars of which (a, a, Fig. 2) 
support a heavy crank-axle worked by the 
treadle, and a driving wheel two feet in 
diameter, much as in an ordinary turning- 
lathe. The upper portion of the frame is 
bound by two cross-pieces a'', fixed about an 
inch apart, to form the bed of the lathe. 
Between the cross-pieces is placed an iron 
casting B, which is bored to receive the spindle 
D,—the upper free end of which is fitted with 
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brass clamps between which the slitting disc 
or grinding wheel (lap), is firmly secured by 
the nut above. The lower end of the spindle 
carries а small horizontal driving-wheel ; a 
bracket C supports a pair of angle-pulleys, so 
that the thong from the treadle fly-wheel is 
made to traverse the angle-pulleys and thence 
around the small driving-wheel of the spindle 
D. By this means, when the treadle is worked, 
motion is communicated to the driving-wheel 
attached to the spindle D, which rotates the 
slitting-disc or lap at the rate of from 400 to 
500 revolutions per minute. ‘The casting B 
is also bored to receive a second spindle at E, 
to the top of which is fixed a circular gun- 
metal plate F, for carrying a small saucer H, 
into which the specimen to be sliced is 
cemented. The plate F can be raised or 
lowered by means of the thumb-screw К; 
this adjustment provides for the regulation of 
the thickness of the slice to be cut. To the 
brass plate F, a piece of strong string or 
catgut is attached ; this hangs over a pulley, 
fixed outside the framework of the machine, 
and supports the weight G, which consists of 
a brass cylindrical box containing lead shot, 
so that it can be lightened at pleasure to 
accommodate itself to the requirements of the 
specimen operated upon. This simple con- 
trivance ensures a constant pressure of the 
specimen against the cutting-edge of the 
slitting-disc ; and, when the latter is put into 
motion, the specimen is kept firmly held in 
position, until it has been sliced through. 
The plate F may then be revolved backward, 
and the specimen elevated to any desired 
degree by means of the thumb-screw K, and 
a second cut taken. It may occasionally, 
however, be advisable to steady the work dy 
hand, and not to depend entirely upon the auto- 
matic pressure afforded by the counterpoise С. 
Slices of minerals and rocks for micro- 
scopical slides ought to range from about 
one-sixteenth to one-eighth of an inch in 
thickness. The slitting-disc at the upper end 


of the spindle D (Fig. 2) is made of soft iron 


or softened steel, and is slightly convex on its 
upper surface. It is about eight inches in 
diameter and about one-fiftieth of an inch in 
thickness. The edge of the disc should be 
turned true, at right angles to its surfaces, and 
then carefully primed with a powder of 
exceptional hardness. For this purpose, 
carborundum “flour” of the water-grades 
"FF," or * FFF," may be used for slicing 
specimens which reach up to about No. 6 of 
Mohs's scale of hardness, such as bones and 
teeth, most fossils, calc-spar, fluor-spar, apatite, 
felspar, and limestones, marbles, indurated 


chalks, serpentines, picrites, dolerites, basalts 
and even diabases. Minerals ranging from 
No. 7 and more, such as quartz, garnet, topaz, 
corundum and the majority of the acid rocks 
(2.е., pitchstones, granites, sandstones, quartz- 
ites, eclogites, and so forth) although capable 
of being cut by carborundum, are apt to 
prove too troublesome, and therefore call for 
something harder, such as diamond dust, for 
charging the edge of the slitting disc. As 
diamond dust is expensive, and when pur- 
chased ready-made is often adulterated, it is 
safer to buy diamond bort from some well- 
known mineralogist, and to subsequently 
pulverise it.* To do this successfully with- 
out fear of waste, a diamond-crushing mortar 
will be found indispensable. This useful 
accessory is shown in perspective and sec- 


FIG. 3.—D1AMOND-CRUSHING MORTAR. 


tional views in Fig. 3 to indicate its shape. 
It is fashioned from hardened steel. The 
diamond bort should be reduced to powder 
so fine that no sparkling is revealed by 
diffused daylight. 

To prime the disc-edge, either flour car- 
borundum or diamond dust may be used, 
according to circumstances. A few grains of 
the abrasive should be placed in a watch- 
glass or artist's saucer-palette, and made into 
a paste with a drop or two of olive oil. A 
particle of this paste should then be taken up 
with a quill and applied, inch by inch, to the 
edge of the slowly revolving disc, until the 
whole circumference has been charged. Care 
is then required in order to gently rub the 
particles well into the substance of the disc- 
edge by means of the glass or steel roller 
provided for that purpose (Fig. 4). 


FIG. 4.—ROLLER FOR CHARGING EDGE OF DISC 
WITH AKRASIVE POWDER. 


Particular care must be taken to avoid 
smearing the surfaces of the disc with the 
abrasive paste, as this would not only be 


-——— 


. * Diamond bort is valued at about ros. 64. per carat, 
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wasteful, but destructive alike to disc and 
specimen. The work must be kept constantly 
lubricated, preferably with oil-of-brick (spirits 
of turpentine or soap and water will do), 
by means of a drip-tap from a lubricating 
bottle or can, as shown in the perspective 
drawing (Fig. т), which also shows a tray 
surrounding the working parts, to collect the 
waste which flies off the disc or lap during its 
revolution, and serves at the same time to 
protect the spindle bearings from dirt and grit. 
‘This contrivance can, with care, maintain the 
work in such cleanliness as to permit the 
operator to give demonstrations on the 
machine, if need be, even in a library or 
drawing-room. 


II.—GRINDING THE FIRST SURFACE. 


Whether with chip or slice, the operations 
of grinding the first surface by hand or 
machine power remain essentially the same. 
The specimen, held firmly between the tips 
of the forefinger and thumb, should be 
rubbed perfectly flat and smooth on one 
side. To do this by hand, either emery or 
carborundum powder may be used, with 
plenty of water, on a well-flatted zinc plate, 
measuring about eight by ten inches superfici- 
ally, and one-quarter of an inch thick. These 
dimensions have been found by experience 
to be the most generally useful. A coarse 
abrasive (No. уо or No. go hole emery or 
carborundum, according to the nature and 
texture of the rock) should be employed for 
the initial grinding, which must be continued 
until an absolutely flat face of the desired 
dimensions—say one inch in diameter—has 
been obtained. The chip or slice should be 
rubbed (with moderate pressure, and care to 
keep the tips of the fingers clear of the 
grinding surfaces), round and round in circles, 
commencing at the top left-hand quarter of 
the plate, and then proceeding gradually to 
the lower left, the lower right, and the upper 
right-hand quarter, to finish off with a series 
of concentric movements around the centre 
of the plate. This procedure will prevent 
the zinc-plate surface from wearing into 
hollows and ridges, and so producing irregu- 
larities in the ground surface of the specimen. 
The operator will, of course, learn by practice 
the necessity for a sufficient supply of water 
and replenishment of the abrasive. powder 
from time to time. The specimen must next 
be washed thoroughly free from adhering 
particles, and the operation of grinding 
repeated on a second zinc plate of like dimen- 
sions, with flour emery or * FF" carborundum 
powder. Its surface ought then to be quite 
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flat and fairly smooth. If examined with an 
ordinary magnifying glass, however, sundry 
scratches will be discerned, and these should, 
after careful washing, be eliminated by briskly 
rubbing the surface of the specimen forwards 
and backwards on the prepared top of a 
water-of-Ayr stone, or an extra fine “ hand- 
washed powder" carborundum hone. Pere- 
cautions should be taken, however, to ensure 
the maintenance of a slightly convex surface 
on the water-of-Ayr stone, otherwise the 
surface of the slice or chip will tend to depart 
from the desired “dead level, and the 
resulting section, when completed, will 
inevitably be thicker towards the centre than 
at the edges. Scientifically considered, such 
a section is of greater value to the student of 
lithology than preparations that are uniformly 
cut, unless more than one is available ; but, 
commercially, they are accounted inferior 
by dealers, as betraying bad workmanship. 
An absolutely flat or “ dead-level” surface, 
free from scratches, when examined with an 
ordinary hand lens or magnifying glass, ought 
to be secured after sufficient rubbing on the 
water-of-Ayr stone; for which, of course, 
similar stones, such as Turkey, Washita, 
Arkansas and others, or the exquisitely 
fine-grained varieties of compressed carborun- 
dum oil stones and tool or razor sharpeners 
may be substituted. It is unnecessary to 
develop a polish upon the surface with 
putty-powder or jewellers rouge, as all 
microscopic scratches practically disappear 
by the method of mounting the finished 
section in Canada balsam. 


III. ——CEMENTING AND REDUCING THE 
SLICF. 


The requisites for cementing the first 
surface of the chips or slices, developed as 
directed. above, are :—(1) А suitable cement. 
(2) А piece of plate-glass, one-quarter inch 
thick, cut into squares of about 1'5 inches, 


‘with the edges smoothed by a file, or, better 


still, upon a piece of compressed carborundum, 
or on a zinc plate witha little No. 9o hole emery 
or carborundum, so as to avoid the risk of 
cutting one's fingers during the subsequent 
processes of grinding and finishing. (3) А 
Bunsen burner, spirit-lamp, or small ordinary 
paraffin lamp with chimney. (4) A tripod 
or other iron stand with hot-plate, usually 
made of copper, although an ordinary piece 
of tin-plate (such as the top of a biscuit-box) 
will do. (5) Cork-tipped forceps. 

Suitable Cements.—I\t will be remembered 
that in dealing with Jordans Lapidary 
Machine, instructions were piven for the use 
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of a cement wherewith to fasten the hand- 
specimen of rock to be sliced on to the 
detachable saucer H (Fig. 2), on the circular 
brass plate F. Such cement may be pur- 
chased ready-made from oilmen, drysalters 
and other dealers, under the name of Waller's 
wax ог red cement; but, as many students 
like to know how to make their own materials, 
the following recipes are given, and may be 
relied upon implicitly. 

(a) Take Burgundy pitch, resin and bees- 
wax. The precise proportions are not 
important, because samples vary very 
considerably, and the mixture is liable to be 
affected by seasonal or climatic changes. In 
summer more resin, and in cold weather 
more pitch and beeswax, should be used. 
The ingredients are to be melted together 
and thoroughly incorporated in a sand or 
water bath, and then formed into lumps or 
sticks for future use when wanted; the 
requisite quantity should be melted off into 
the supporting saucer (previously warmed), 
and the mineral or rock, also well warmed, 
can then be embedded in the wax in the 
desired position; in about half-an-hour, the 
wax will be found to be quite solid, and to 
hold the specimen securely in position. 
This cement has the advantage of being very 
tenacious and cheap. Its specific use is for 
cementing specimens in bulk during the 
process of slitting. It cannot, however, 
be recommended for fastening the smooth 
surfaces of slices on to the squares of plate- 
glass for reduction by grinding; for this 
purpose, as well as for cementing hand 
specimens for slitting, the author has been in 
the habit of using a shellac cement, which, 
when properly made and applied, will fasten 
the specimen to the base with perfect 
security. 

(6) The formula for the author's shellac 
cement runs as follows :—Melt some Venetian 
turpentine (about three ounces will be 
sufficient), апа strain it through fine muslin 
(placed filter-paper-wise in a hot-water funnel) 
into an evaporating dish, to be afterwards 
placed with great care over a small Bunsen 
flame or other source of heat.* When quite 
mobile add flakes of commercial orange 
shellac freed from dust and dirt. Stir about 
with a glass rod until thoroughly incorporated, 
and test from time to time by removing a 
small portion at the end of the rod. When 
the sample solidifies into a hard and glassy 
bead, it may be considered ready for use. 


. * To prevent accidents, as the turpentine is very 
inflammable. 
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As a confirmatory test, a chip of rock 
previously heated should be fastened on to 
a piece of warmed glass and allowed to cool. 
If the cement does not set hard and glassy 
in about a couple of minutes or so, but 
exhibits a greasy appearance, more shellac 
must be added to the mixture, until the 
desired result has been attained. When 
ready, pour a small quantity of the hot 
cement upon a cold (damped) slab of marble, 
or dinner plate, and roll or squeeze it with 
the fingers into a lump about the size of a 
walnut or filbert. Continue this process 
until all the material has been collected, when 
the evaporating basin should immediately be 
reheated, wiped out, and finally cleansed with 
а rag dipped in methylated spirit.* For the 
sake of convenience, these lumps of cement 
may be rolled or moulded into sticks like 
sealing-wax, by being immersed in very hot 
water, and, when sufficiently softened, rolled 
out by hand upon a plate of glass, or pressed 
into moulds of any desired shape. 

Professor Rosenbusch (Mikroskopische 
Phystographie der massigen Gesteine), strongly 
recommends a mixture made by amalgamat- 
ing, by heat, sixteen parts by weight of Canada 
balsam and fifty parts of shellac; but this 
cement, though equally tough and useful for 
grinding very thin sections, does not mix 
quite so readily or dissolve quite so freely in 
methylated spirit as the above, besides which, 
Venetian turpentine is cheaper than Canada 
balsam. 

Having prepared the cement as directed, 
in the form of a stick of sealing-wax, a 
portion of this should next be melted on to 
the surface of one or more of the small 
one-and-a-half inch squares of plate-glass, by 
heating the latter on a hot plate of metal, 
over a Bunsen or other flame. ‘The smooth 
surface of the specimen (slice or chip) ought 
to be warmed over the flame to dispel any 
moisture, and placed, face downwards, in the 
melted cement. ‘The heated plate of glass 
supporting the specimen should then be 
removed, by means of a pair of cork-tipped 
forceps, on to a smooth pad of paper (a 
blotting-pad will do) on the adjoining work- 
table, where the specimen, now cooling, 
should be firmly pressed down, with a slight 
screwing motion, on to the plate of glass, 
using the thumb and fore-finger guarded by 
a glove, so as to squeeze all superfluous 


* 'The author finds that, to succeed in this kind of 
technical work, it is absolutely necessary to keep 
utensils and instruments perfectly clean, and to clean 
them thoroughly as soon as done with. 
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cement to the borders of the chip or slice, 
and exclude air-bubbles. By this time, the 
small plate of glass will have cooled down 
sufficiently to enable the operator to take it 
up in the fingers of a gloved hand, when 
the adherent surface may be carefully 
examined to see that it is quite free from 
included air. If air bubbles are present, 
the reflection of light from them will plainly 
indicate this ; in that event the plate of glass 
must be re-heated, and the entire operation 
repeated, until a successful result has been 
secured ; otherwise, the specimen will almost 
surely be destroyed during the final stages of 
grinding. After a little practice, however, 
specimens can be cemented in quick succes- 
sion without fear of failure, while the 
operation of repeating the process, in case of 
the presence of air-bubbles, is not by any 
means so troublesome or annoying in practice 


as it appears to be in print. Cork-tipped tongs - 


or forceps may be easily improvised from a 
pair of old compasses, into the ends of which 
the separate halves of a sound bottle-cork, 
cut lengthwise into two, may be inserted 


(Fig. 5). 


FIG. 5.—COoRK-TIPPED FORCEPS. 


When quite cold, the chip or slice of rock, 
safely cemented to the small square of 
plate-glass, ought to be surrounded by an 
appreciable margin of the squeezed out 
cement. This serves to protect the edges of 
the specimen from wearing away prematurely 
during the subsequent process of grinding. As 
the plate-glass square is intended to serve as 
a handle to the specimen, it will be readily 
understood that it ought not to be less than a 
quarter of an inch thick, so as to afford 
sufficient grip for the fingers while the slice is 
being reduced by grinding. It may here be 
mentioned that students who do not possess 
a lapidary machine to work with, would do 
well to purchase a few broken carborundum 
wheels, flat on both surfaces, for the rough 
and fine grinding operations, instead of 
using emery or carborundum powders on 
metal or glass plates. Pieces of broken 
wheels, approximating to No. 6o and No. 9o, 
may be used in place of No. 9o and flour 
carborundum respectively; and it will be 
found that, apart from enhanced cleanliness, 
the work of reduction can be effected more 
rapidly. All that has to be done is to rub 
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the specimen with a liberal supply of water 
on the vitrifed solid carborundum. These 
vitrified wheels can, of course, be adapted to 
the lapidary machine in place of lead, zinc 
or other laps. The essentials to be remem- 
bered at this stage of the work are, that the 
specimens should be washed (even brushed 
with a nail-brush) perfectly free from one grade 
of powder before being subjected to grind- 
ing with a finer grade; and that the chip or 
slice, now assuming the character of a section, 
should be frequently examined. No hard- 
and-fast rules can be given as to the exact 
method of procedure ; but the following hints 
will doubtless be found useful :—Press the 
cemented specimen, face downwards, on to 
the grinding surface firmly between the fore- 
finger and thumb, with care to keep the tips 
of the fingers free of the grinding slab or 
wheel—the quarter-inch of thickness of the 
square plate-glass holder will now be duly 
appreciated. Proceed with the first rough 
grinding, using No. go carborundum powder, 
or its equivalent vitrified wheel, till the 
section (as it must henceforth be called) 
becomes translucent. These directions must 
be followed with discretion ; e.g., a quarter- 
inch slice of clear quartz would be trans- 
parent, but a slice of any tough volcanic rock 
would need to be cut to about one-hundredth 
of an inch or less, before becoming even 
faintly translucent. Then again, such rocks 
as shales and limestones are not generally 
capable of withstanding the coarse grinding 
till they become translucent ; while other hard 
and vitreous rocks, such as some pitchstones, 
rhyolites, phonolites, and the like admit of. 
being reduced to great tenuity, even with 
very coarse abrasives. Judgment gained by 
experience will, however, serve to indicate 
exactly when the coarse grinding of any 
particular specimen should cease. After care- 
ful washing, the section must be still further 
reduced by the process of fine grinding on a 
separate plate or lap charged with flour 
emery or flour * FF" carborundum, until, as 
a rule, the bars of a window or other bold 
external object can be just barely detected 
through its substance. A second thorough 
washing now becomes necessary, and the 
section should be examined under a low 
power of the microscope (say twenty 
diameters). It should then be finally rubbed 
down, with frequent washings and peeps 
through the microscope, until it is judged to 
be sufficiently thin. A crude test may be 
applied to ascertain if the section 15 thin 
enough for general study, by placing the plate 
of glass and section over fairly small type 
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such as “ minion,” * nonpareil," * ruby" or 
“pearl.” If the type can be deciphered 
through a dark basalt, dolerite, picrite or 
limestone, the section may be considered 
sufficiently thin; but the only sure test, or 
series of tests with ordinary and polarised 
light, must, of course, be conducted through 
varying powers of the microscope, from 20 to 
150 diameters, or more. It may be added 
that thickish sections sometimes teach what 
cannot be gathered from those of excessive 
tenuity, and zice versa. For instance, when 
very thin, the *hour-glass" struc- 
ture in certain augites cannot be 
detected without the polariscope. 
To give a better example, when 
the picritic-serpentine of Men- 
heniot is cut moderately thin, 
it shows the crystals of much- 
fractured augite to perfection, but 
the true aggregate character of the 
secondary magnetite cannot be made out; 
whereas, if the section is cut so thin as to re- 
veal theprecise natureof the magnetite patches, 
the crystals of augite invariably disintegrate 
and drop out of the section altogether. 

To remove the section from the plate- 
glass, and free it from even the slightest 
trace of the cement, it should be turned 
face-downwards into a shallow saucerful of 
good methylated spirit and covered with a 
pane of glass; or better still, the nests of 
porcelain saucer-palettes, about four inches in 
diameter, as sold by most artists' colourmen, 
may profitably be utilised. ‘The usual cabinet 
nest of saucers shown in Fig. 6 will hold 
five sections at a time, one in each saucer. 


NEST OF SAUCERS, - 


Just sufficient methylated spirit should 
be poured into each saucer to come 
above the lower edges of the plate-glass 
square, and the whole nest may then be 
covered and set aside. It will be found that 
the sections become detached and sink to the 
bottoms of the saucers: some of them, more 
porous or loosely textured than others, may 
become detached in less than a couple of 
hours, others may take as many days ; but ол 
no account must they be tampered with by 
heating over a Bunsen or other flame and 
shifting off with a pen-knife, 
needle or other instrument ; 
neither should the sections be 
washed with camel’s-hair or any 
other kind of brush. These 
precautions are absolutely neces- 
sary. As soon as the sections 
become detached through the 
solvent reaction of the spirit, the 
squares of glass should be removed, and 
immediately wiped clean for future use. 
The discoloured spirit in the saucer can 
then be poured gently away from the sec- 
tion, and its place supplied by clean spirit. 
This operation should, if need be, be re- 
peated three times, after which the sections 
will be found sufficiently free from undesir- 
able impurities. The spirit finally should be 
drained away, leaving the sections intact in 
their respective saucers. In the course of a 
few minutes, especially in a warm, dry room, 
the small quantity of spirit left adhering to 
the sections will evaporate. Rectified benzol 
may now be added to just cover each section, 
and they will then be ready for mounting. 


(Го be continued.) : 


CHEMICAL NOTES. 


LACE 10 cc. of the liquid to be 
examined in a test tube; cap the 
mouth with filter paper moistened 
with a strong solution of caustic 

potash in absolute alcohol, and heat gently 

to boiling ; place the paper on a watch glass, 

and moisten with a few drops of 

A Delicate д 5 per cent. solution of copper 

Cane’ sulphate. The presence of carbon 

Bisulphide bisulphide, 1 : 2000, will be shown 

by the development of an intense 

yellow colour, due to the formation of copper- 

Xanthogenate. (P. Bompard. Annales de 
him. Analyt. 9, 111.) 


M. BERTHELOT concludes that the limit of 
sensibility of the organs of smell is about 
one billionth of a milligram. 

Some idea of the delicacy of this The 
perception may be formed by ole 
considering the case of iodoform, ог Smell 
which would appear to give off 

this amount of odour in a given volume of 
air per hour. [n a year it would lose a little 
less than zd milligram, or one milligram 
in a hundred years. With musk the loss of 
weight would be materially — possibly a 
thousand times—-less, (Comptes Rend. 138, 
1249.) 


BOOSTERS. 


BOOSTER may be defined as an 
appliance which is used to add 
an E.M.F. to a circuit in which 
an E.M.F. already exists. The 

method of raising the voltage by means 
of an auxiliary machine was invented in 
1881 by Professor J. Perry. Of late years 
boosters have been largely used in lighting 
and traction stations, and there are many 
excellent machines on the market; to 
describe them all would be difficult, so 
we must content ourselves with a descrip- 
tion of one or two types representative of 
each class. 

In order to avoid confusion we shall 
subdivide the subject "into two sections :— 
(I.) Rotary boosters, and (II.) static boosters. 

The boosters coming under (I.) are used in 
connection with direct current systems, and 
thosecoming under (II.) for alternating current 
systems. 

Rorary BOOSTERS. 


Rotary boosters may be divided into two 
groups :—(1) feeder boosters; (2) battery 
boosters. 

We shall consider each group in turn, 
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noting the purposes for which they are 
intended, and the general construction. 


Feeder Boosters. 


The voltage drop in very long feeders is 
considerable, and under certain conditions it 
ís more profitable to “boost” the pressure 
at the end of the line by means of a small 
generator, than to put down heavier cables. 
The elementary diagram of connections 15 
shown in Fig. 1. The machine consists of a 
shunt motor M, supplied from the mains, 
mechanically coupled to a series dynamo B 
in circuit with the feeder. The advantage of 
this arrangement is that the voltage across the 
booster terminals is proportional to the current 
in the feeder. Some makers do away with the 
necessity of providing the driving motor M, 
by mounting the booster armature on the end 
of the shaft of one of the main generators G, 
but there are many drawbacks to this arrange- 
ment, and, in consequence, it is but little used. 

The booster may also be shunt or 
compound wound, in which case the shunt 
winding is excited by means of a small series- 
wound exciter, as shown in Figs. 2 and 3. 


LINE FEEDER 


Fic. 1.—PosITIVE BOOSTER FOR TRACTION SYSTEM. 
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Fic. 2,.—SHUNT WouND BOOSTER. 


FEEDER 


Fic. 3.—CoMPoUND WOUND BOOSTER. 


[n connection with tramway systems, the 
fall of pressure in the uninsulated return 
must be less than seven volts in order to 
comply with the Board of Trade regulations ; 
amongst other methods of ensuring this, may 
be mentioned the use of auxiliary return 
feeders with return or negative boosters.* The 
method was proposed ten years ago by 
Major Cardew, and independently by Kapp, 
and is used in many large tramway systems 
both at home and abroad. Fig. 4 shows 
the application of a booster to one of the 
return feeders of a tramway system. The 
negative 'bus bar N is connected permanently 
to the rails at T. The booster armature B 
IS in series with the return feeder from a 
distant point D of the track, and the field F is 
connected in series with the line feeder. The 


* Proceedings of the Institute of Electrical 
Engineers. Vol. XXVII., page 446, 1898. 


Fic. 4.—NEGATIVE BOOSTER 


booster is driven at constant speed by a motor, 
and gives a pressure practically in direct propor- 
tion to the current in the line, and, therefore, 
to the current in the feeder also. ‘The fall of 
pressure, which is directly proportional to the 
current flowing in the return feeder, can thus 
be almost exactly counterbalanced by the 
booster. The results in practice are most 
satisfactory ; it has been found that the 
machine works automatically, and the voltage 
drop in the return feeder may be limited to 
any desired amount by adjusting a rheostat 
in parallel with the field coil. In some 
systems there are several return feeders, each 
with its own booster and its corresponding 
line feeder; in such cases it is often con- 
venient to couple the whole of the boosters 
mechanically with one motor for driving. 
Rider* states, that several instances have 
occurred where negative boosters have 
proved useless, owing to the booster field 
being connected in series with the return 
feeder, instead of with the line feeder. The 
reason for this is as follows :—Since the nega- 
tive ’bus bar is connected to the track at the 
generating station, the booster will be working 
as a series dynamo on a closed circuit con- 
sisting of the rails and return feeder, and the 
current flowing will depend entirely upon 
the resistance of this circuit and the charac- 
teristic of the dynamo. It is usually found 
that sufficient current will continually flow 
round this circuit to entirely upset any self- 
regulating properties of the booster. 

As an example of the use of this system 
we shall describe the boosters used in the 
Bristol Tramways Power Station designed 
by Mr. Н. F. Parshall,f and supplied by 
the British Thomson-Houston Company. 
Each of the three motor generators consists 


* & Electrical Traction," by Rider, page 109, 1503. 
t Traction and Transmission," February 1502, 


page 111. 
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FOR TRACTION SYSTEM. 
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of two four-pole, continuous current, direct 
coupled machines, mounted on a single 
bedplate having three bearings. ‘The com- 
bined efficiency of the motor generators at 
full load is 81 per cent. ‘The generator is 
constructed as a series-wound machine, giving 
the characteristic shown in Fig. 5. The field 
of the generator is arranged so that it can be 
put in circuit with one or more of the positive 
feeders running to the trolley line from the 
positive 'bus bars at the switchboard in the 
generating station. 

The armature is placed in circuit with the 
return feeder, one end of which is fixed to 
the negative 'bus bar, and the other end is 


о 100 200 300 400 500 600 
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Ес. 5.—CHARACTERISTIC OF SERIES GENERATOR, 


connected to the track rails at a distant point 
in the system. ‘The generator is thus separ- 
ately excited, and the current in the armature 
corresponds with the current in the field ; 
when боо amperes are passing through both 
the field and the armature, the machine will 
give 5o volts at the armature terminals. 
'The insulation of the generator was tested by 
maintaining 2,500 volts (alternating) between 
the winding and the frame of the machine: 
further,the generator had to carry боо amperes 
continuously without over-heating. The 
armature of the generator had to withstand a 
test of 1000 volts (alternating) between the 
winding and the armature core, and no part 
was to rise in temperature more than 40°C. 
above the surrounding atmosphere when 
generating 600 amperes at 50 volts. The 
commutator was designed so as to run spark- 
lessly from no load to 25 per cent. overload 
without shifting the brushes. The field shunt 
of the generator is composed of four-point 
rheostats, each point having the following 
ratio as compared with the resistance of the 
field of the generator :— 
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| 
Continuous carryirg | Resistance of Rheostats 
No. ity d 1 


capacity in Amperes. | Resistance of Field. — 


1 Off Stop. co 
2 IOO 5 
3 200 2 
4 300 1 


The motor driving this generator is a four- 
pole, оо volt, shunt-wound machine, direct 
coupled to the generator, and capable of 
yielding a maximum output of 5o B.H.P. 
continuously. The commutator of this 
machine is so constructed that the average 
voltage between adjacent commutator bars 
does not exceed ro volts when running at 
550 volts. The motor can run continuously at 
full load without the temperature of the arma- 
ture rising more than 45 C. above that of the 
surrounding atmosphere; the motor is free 
from sparking at all loads up to 25 per cent. 
over-load without moving the brushes. Three 
panels are provided on the switchboard : 
these have a maximum width of two feet, 
and each is provided with the following 
instruments suitable mounted thereon :— 


(a) Instruments in the motor circuit. 


One ammeter reading up to 100 amperes. 

One 1co ampere quick-break switch. 

One starting switch. 

One magnetic blow-out circuit breaker, 
having a range of 75 to 150 amperes. 


Fic. 6.—SWITCHBOARD AND CONNECTIONS. 
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FiG. 7.—BALANCERS FOR THREE-WIRE SYSTEM. 


(B) Znstruments in the generating circuit. 


Two ammeters, each reading up to 1ooo 
amperes, arranged in the field and armature 
circuits respectively. 

One voltmeter, reading up to 125 volts, in 
single volt divisions, with large dial. 

Three quick-break switches, each of a 
carrying capacity of 100 amperes. 

One four-point rheostat, as specified for 
motor generators. 


А diagram of connections is given in Fig. 6, 
and from what has been said this will readily 
be understood. 


Balancers.—In connection with three-wire 
systems, in order to take the “ out-of-balance 
current" in the neutral wire when the two 
sections are unequally loaded, either two 
batteries, or a pair of machines coupled 
together electrically and mechanically, must 
be inserted at any convenient point in the 
System. These latter are known as balancers, 
and are in reality simple boosters. 

When there is no current in the middle 
wire, the balancers will run as motors in 
series between the two outers ; and since they 
are unloaded the current will only be that 
required to overcome the losses in the 
machines themselves, as the speed will be 
very high. However, the neutral wire nearly 
always carries current, as illustrated in Fig. 7. 


On the positive side there are five six-ampere . 


Circuits, and on the negative side four six- 
ampere circuits —#.¢., there is a current of six 
amperes in the middle wire. The resistance 
on the positive side is therefore four-fifths 
that of the negative side, and the Р.Р. 
between the negative and middle wires is five- 
fourths that on the positive side. Generally 
the voltage on the lightly loaded side tends 
to rise, and on the heavy side to drop by the 
same amount, and this difference brings the 
alancers into action, the function of these 
machines being to minimise the drop. ‘The 


action is as follows :—Half the current in the 
neutral flows through the machine on the 
light side, causing it to run as a motor, 
driving the other machine as a dynamo, 
which will supply an equal amount of current 
to the heavy side. 

The several methods of winding and con- 
necting the fields are as follows :—* 

I. Both machines may have plain shunt 
windings, the winding of each being connected 
directly across its own brushes with a regu- 
lating resistance in series (Fig. 8). 


SHUNT. 


REGULATOR 


Fic. 8.—BALANCERS WITH PLAIN SHUNT WIND- 
INGS AND REGULATING RESISTANCES, 


2. The same arrangement as No. 1, except 
that the shunts are crossed, the winding of 
one machine being connected across the 
brushes of the other machine, and vice cersá 
(Fig. 9). 

3. Both machines may be compounded 
(Fig. 10). 

Of these three methods the second is 
probably the most commonly used at the 
present time, though the third method is in 
some respects superior to it, and is gradually 
coming into more general use. 

As regards size and cost of machines, all 
three arrangements are alike, but the closeness 


* See. Electrical! Engineer (London), April 24th, 
1903, for a full discussion. 
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Ес. 9. Fic. то. FIG. 11.—BALANCERS WITH · 
BALANCERS WITH CROSSED BALANCERS WITH COMPOUND A SINGLE REGULATOR CON- 
FIELD WINDINGS. WINDINGS. TROLLING BOTH SHUNTS. 


with which the voltages òn the two sides are 
automatically kept equal depends considerably 
on the method employed. ln (т), assuming 
that the shunts are adjusted so that the 
machines give the same voltage when both 
sides are equally loaded, then the difference 
in voltage on the two sides when the full 
out-of-balance current is passing is due to 
three causes :— 

(a) The C R drop in both armature wind- 
ings, which tends to make the motor run 
slow, and the dynamo give lower terminal 
volts when loaded. 

(2) ‘There is the armature reaction, which 
tends to raise the speed of the motor and 
lower the voltage of the dynamo, the two 
effects cancelling out more or less. 

(с) There is a drop in excitation on the 
dynamo side, due to the drop in volts on the 
heavily loaded side. | 

The full load C R drop in the armature of 
a small machine cannot be kept below 2 per 
cent. without increasing the size unduly, so 


that from this cause the difference in volts 
between the two sides will be about д per cent. 
(assuming motor volts constant), and this will 
produce a further lowering of the dynamo 
volts of at least 2 per cent. ‘This extra 2 per 
cent. drop will still further lower the dynamo 
excitation, and so on until a steady state 
is reached, with a total diflerence in 
voltage between the two sides of probably 
not less than 7 or 8 per cent. Actually, the 
one side would rise 3°5 or 4 per cent., and 
the other side fall 3* 5 or 4 per cent. from the 
uniform no load voltage, the voltage across 
the outers being assumed to be constant. 
With the arrangement (2) the drop due to 
resistance remains as before, but instead of a 
further drop due to the lowering of the excita- 
tion, there is an actual reduction of the C R 
drop ; for, the motor shunt being now excited 
off the dynamo side, any drop on the latter 
side tends to increase the motor speed, and 
so raise the dynamo volts again. Taking the 
case of a 2 per cent. drop in each armature, 


Fic. 12.— STANDARD BALANCER OF THE LANCASHIRE DYNAMO AND MOTOR COMPANY, 
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the actual difference between the volts on the 
two sides of the system at full out-of-balance 
current would probably not exceed 3 per 
cent. 

When a compound winding is used, as in 
(3), the drop can be reduced to zero, or can 
even be converted into an actual rise in 
voltage on the more heavily loaded side by 
suitably proportioning the series and shunt 
windings. ‘The windings of both machines 
are connected up exactly as for compound 
dynamos, so that as soon as one machine 
begins to act as a motor, the series winding 
on it acts in opposition to the shunt winding, 
and this tends to help the compound winding 
on the dynamo machine to raise the volts on 
the heavily loaded side. In this way the 
combined action of the two series windings 
can either be made to keep constant volts on 
the two sides of the system, or to raise the 
volts on the more heavily loaded side, and 
so compensate for drop in the neutral. Which- 


141 


ever arrangement of the ficlds is employed, it 
is always advisable (and in the case of (1) and 
(2) necessary) to have a regulating resistance 
in the shunt windings, to enable the voltages 
on the two sides of the system to be con- 
trolled by hand when required. Very often 
a separate regulator is inserted in each shunt, 
but Fig. r1 shows an arrangement sometimes 
employed to enable a single regulator to con- 
trol both shunts, the resistance cut out of one 
field being inserted into the other by the 
same operation, and so allowing the required 
change of voltage to be obtained by the 
motion of a single switch. 

Fig. 12 shows a standard balancer by the 
Lancashire Dynamo and Motor Co. The 
illustration at the head of this article shows 
a balancer booster by the same firm; these 
latter machines are but little used, and as this 
discussion is already of much greater length 
than was originally intended, we had better 
pass on to the next section. 


(To be continued.) 


THE POWER OF 


CONVENIENT rule for finding the 
approximate horse-power of petrol 
motors is: * square the diameter of 
one cylinder in centimeters, and 

divide by five," for a four-cylinder motor; 
or, in other words, b.h.-p. of one cylinder 
= (diameter in  centimeters)?/20. For 
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Fic. 1.— Curves showing connection between speed 


of petrol motor and (A) B. H.P. ; (B) H.P. per revolu- 
Поп multiplied by normal revolutions ; and (C) petrol 
consumption in gallons per В.Н.Р. hour, 
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example, take an engine with four cylinders 
100 millimeters bore, and 140 millimeters 
stroke, 10?/5 = 20 b.h.-p.—a very simple 
mental calculation which is just about correct, 
being based, of course, on assumed constant 
piston speed and volumetric efficiency. As 
a matter of fact, within limits, as the piston 
speed increases, the volumetric efficiency 
drops, so that an engine will give practically 
the same horse-power over a considerable 
range of speed, although the fuel economy 
will vary considerably. A glance at Fig. 1, 
which refers to an engine of the size men- 
tioned, will show these points clearly. Inthe 
diagram, A shows the total b.h.-p. developed 
at the various speeds; В 15 the horse-power 
at unit speed, or, in other words, the b.h.-p. 
per revolution, multiplied by the normal 
revolutions (in this case 850), and shows the 
fall in volumetric efficiency; C shows the 
petrol consumption in terms of gallons per 
brake horse-power per hour. It will be 
noticed that, within 5 per cent. the horse- 
power developed is constant from 740 to 
1130 revolutions per minute, but that in this 
range, the consumption increases from 0*09 
to o'r3 gallons per horse-power hour due, 
mostly, to loss of volumetric efficiency and 
carburettor error, 


THE ELEMENTS OF CHEMICAL ENGINEERING. 


[A7 rights Aeserved.) 


By J. GROSSMANN, M.A., Ph.D., F.I.C., 
Chemical Engineer and Consulting Chemist, Manchester. 


N its simplest form, a still 
consists of a flask or retort 
into which the liquid to be 
evaporated is placed; this 
is connected with a Liebig 
condenser, from which the 
condensed distillate passes 

into a Woulfe bottle. If the latter is joined 
up to a Bunsen pump, the distillation may 
take place in a vacuum. It is well known 
that with diminished pressure the boiling- 
point of any liquid is considerably lowered, 
and that it is therefore possible to distill or 
evaporate liquids at a lower temperature in a 
partial vacuum than would be the case at 
ordinary pressure. In laboratory work this 
is chiefly done when the liquid which is to be 
evaporated would become partially or wholly 
decomposed if evaporated at its normal 
boiling-point. А solution. of sugar, for 
instance, will partially decompose and 
become discoloured if evaporated under 
atmospheric pressure, whereas in a vacuum 
it yields pure white crystals. But whilst in 
the chemical laboratory the above is almost 
in all cases the only reason why evapora- 
tion in a vacuum is resorted to, it is found in 
practical work that even where one has to 
deal with stable substances, evaporation in 
a vacuum may offer advantages which 
counterbalance the extra outlay for apparatus, 
cost of condensing, and other incidental 
expenses. 

We shall now attempt to evolve, from the 
laboratory apparatus which we have des- 
cribed, the simplest form of apparatus which 
might be used for technical purposes. We 
have first to consider how to transform the 
flask which holds the liquid, and, in the 
laboratory, would be heated by means of 
a water-bath or similar arrangement ; this we 
can replace by any of the pot-shaped boiling 
down appliances which we have mentioned, 
particularly by a jacket pan, such as is shown 
in Fig. 12.* We should simply provide this 
pan with a lid, which, as it has to stand 
pressure, would be of hemispherical or similar 
shape, and would contain a pipe at the top 
for the purpose of carrying away the steam 
which 1s given off. 


* Теснмісѕ, Vol. HI., No. 13, p. 49. 


In the laboratory apparatus, the steam 
evolved from the boiling liquid would be 
taken through a Liebig condenser; оп a 
large scale the latter might be replaced bv an 
upright pipe, which may be cooled from the 
outside bv a stream of water trickling round 
its circumference ; or the cooling water may 
be injected into the pipe by a spray arrange- 
ment, and mingling with the steam, condense 
it. The Bunsen pump which would be used 
in the laboratory arrangement would be 
replaced by a mechanical vacuum pump, of 
which there are two kinds. If constructed 
in such a way that it serves the purpose 
of keeping up а vacuum by drawing out 
the air only, it is termed a “dry” air pump; 
if it draws the condensed steam and con- 
densing water as well, it is termed a “ wet" 
vacuum pump. Fig. r3 shows such a simple 
arrangement, and represents the principles 
underlying the construction of vacuum ap- 
paratus. Alterations and additions naturally 
occur in improved working apparatus. 

It is advisable to have sight-glasses A, one 
opposite to the other on the lid, so as 
to be able to watch the progress of the 
operation. It is also necessary to make pro- 
vision against boiling over, by means of a 
dome or otherwise, in the case of liquids 
which produce a great amount of froth. 
'There are many minor details of construction 
which distinguish different makes of vacuum 
apparatus made by reputed firms. Some 
vacuum pans are supplied with pipes through 
which the liquid can circulate, and therefore 
offer a greater surface to the heating steam ; 
some have means of discharging salts which 
separate out, without breaking the vacuum. 
All these improvements add to the efficiency 
of the apparatus, but they also add to its cost, 
and sometimes by their complication cause 
frequent breakdowns. Where the condensing 
water is sprayed into the condensing tower, it 
will be advisable to ensure that the water 
enters the tower under as little pressure as 
possible, as otherwise a back pressure will be 
produced, which will reduce the vacuum, or 
at any rate, will render it more expensive to 
keep up a good vacuum. As the temperature 
at which a liquid will boil varies with the 
pressure, or to put it more clearly but less 
scientifically, as it is to some extent inversely 
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proportionate to the vacuum, it follows that 
the better the vacuum which is kept up in the 
apparatus, the lower will be the temperature 
at which the evaporation will take place, and 
the higher the efficiency of the whole appara- 
tus. With a moderate vacuum, water will 
boil at 50°C.; thus it follows that the steam 
which is used for heating the vacuum apparatus 
will do its work as long as it is above this 
temperature; so that, whilst in an open 
apparatus it would be necessary to work with 
steam of over 100°C., with vacuum apparatus, 
steam even at 50°C. will produce a sensible 


evaporating effect. It is here, therefore, 
that the exhaust steam from engines, which 
n most cases has a temperature not 
much over 100, will be found particularly 
effective and economical. As the boiling 
point of any liquid is lowered in a vacuum, 
It 1s possible to distill substances by means of 
Steam, which otherwise would not be amenable 
to that agent; one could eg. distill a substance 
boiling at 200? with steam of 150°C. Оп 
the other hand, one has to be careful in 
€vaporating liquids containing substances 
Which decompose at certain temperatures, not 
to use the steam at too high a temperature, 
Otherwise these substances, notwithstanding 


that the operation is performed in a vacuum 
apparently kept below the decomposing tem- 
perature, may partially decompose. The 
reason for this is that the sides of the vessel 
become heated temporarily, to nearly the 
temperature of the heating steam ; and though 
the liquor in the pan would be exposed to 
that temperature only for a very short time, 
a slight decomposition would take place at 


the contact points, and in the time required 


for an operation, might cause serious loss. 
In such cases, again, evaporation in a vacuum 
often enables us to utilise waste steam with 
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Fic. 13.—VACUUM DISTILLING PLANT. 


great advantage. Where waste steam is not 
available, and where the steam which comes 
direct from the boiler has to be reduced in 
pressure, and consequently in temperature, 
this is done by an apparatus which is called a 
reducing valve —a simple contrivance which 
consists of a valve regulating the flow 
of the steam so that it expands in such a 
ratio as to reduce its temperature and pressure. 
If we heat a liquid by means of closed-in 
steam (tbat is, by means of a jacket, coil, or 
similar arrangement), steam is ultimately 
evolved from that liquid. ‘There is no reason 
why this steam should not be conducted into 
the jacket of another pan or through a steam 
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coil or similar arrangement, and made to heat 
up a further quantity of liquid and. produce 
steam again, though of lower temperature 
and pressure. An arrangement of such a 
system is practically feasible, and is known 
as “multiple effect evaporation." "l'wo ap- 
paratuses coupled together represent what 
is termed double effect: three, triple effect: 
four, quadruple effect, etc. It is possible 
thus to utilise heat for the purpose of 
evaporation more ethciently than by any 
other system, but it does not follow that an 
arrangement of this kind will always be the 
most economical to work. ‘The cost of 
evaporation, in. every case, is composed of a 
number of factors, including the cost of coal 
required to evaporate the liquid, the cost of 
labour in attending to the boiling down, the 
interest and depreciation on the outlay for 
plant, the repair for the same, and other 
general charges which we need not consider 
at present. If, for instance, we found that 
in order to boil down a certain quantity. of 
water (say 1,000 gallons per day), we required 
one ton of coal at ten shillings : if the labour 
in attending to the pan came to four shillings : 
and if the total cost of the apparatus were 
f. 100, and the wear and tear of this, including 
interest on the money laid out, came to £15 
per annum, which is one shilling per day ; the 
total cost of evaporation would come to 
fitteen shillings per thousand gallons. 16 on 
the other hand, we found that the original cost 
of the installation. for multiple evaporation 
were £1,000, which, at r5 per cent. would 
represent Z 150 per annum, or ten shillings 
per day, we should find that even if the 
labour and other expenses were the same 
as with an ordinary boiling-down pan, the 
cost of evaporation would be still higher by 
that system, although the amount of coal 
(or rather its equivalent in steam) used for 
evaporation might only come to three or four 
shillings per day, against the ten shillings 
which we had to spend on fuel in evaporation 
in open pans by direct fire. These calcula- 
tions do not represent actual facts, but are 
intentionally exaggerated, so as to show the 
student the necessity of not being misled 
by taking only one factor into considera- 
tion when the cost of an operation has to 
be considered. There is little doubt that the 
principle of multiple evaporation will, in the 
future, play an important part in the con- 
struction of evaporating apparatus. At 
present, the apparatus in many cases is still 
too complicated and too costly, and is there- 
fore not used to the extent which it deserves. 
We have not gone into the theory of this 
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most interesting part of chemical engineering, 
as it would require the use of mathematics, 
and the application of thermodynamics. 
Without these it would be impossible to give 
a satisfactorily scientific explanation of the 
principle of multiple evaporation. "The fact 
cannot be too strongly emphasised that a 
knowledge of physics is quite as necessary to 
the technical chemist апа the chemical 
engineer, as a knowledge of chemistry. It 
will well repay the student if he will try and 
work out for himself the theory of multiple 
evaporation ; or, if his knowledge of physics 
and mathematics should not enable him to 
do so, to recognise the importance of acquiring 
that knowledge, and not to rest satisfied until 
he has done so. 

We may now proceed to consider the 
construction of an apparatus used for what 
Is generally understood as distilling. А 
convenient example of such an apparatus 
is presented in the manufacture of nitric 
acid. In the laboratory, nitric acid is gener- 
ally prepared by mixing sodium nitrate and 
sulphuric acid in a glass retort, connected 
with a receiver which, being cooled, con- 
denses the vapours of nitric acid that 
are given off. It is well known to the 
student of chemistry that this method 
of preparing nitric acid is capable of 
various modifications. To start with, one 
may aim from the outset at obtaining а very 
strong nitric acid, one approaching HNO, 
as near as possible; or one may be satisfied 
with obtaining a weaker acid, say one only 
containing 66% of HNO,. In the one case 
it would be necessary to use pure dried 
sodium nitrate, and strong sulphuric acid 
containing at least 98% of H,SO,. In the 
other case, ordinary commercial nitrate, and 
sulphuric acid of commercial quality (of a 
specific gravity of 1°75, and equal to about 
80° of H,SO, in strength) may be employed. 
Moreover, the quantity of acid may be 
chosen so as to yield a product in the retort 
which may be either Na,SO, or NaHSO,, or 
a mixture of the two. If the proportions 
between sulphuric acid and nitrate of soda 
are chosen in such a way that they may be 
represented by the equation 


2NaNO,+H,SO, = Na,SO,+2HNO,, 


then the remaining mass in the retort will be 
sodium sulphate in such a form that it will 
be impossible to remove it from the retort 
without breaking the latter. If the operation 
is carried on in such a manner that it may 
be represented by the equation 


2NaNO,+2H,S5Q, = 2NaHSO, +2 НМ№О,, 
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then the mass which will be formed in the 
retort will melt at the comparatively low 
temperature which is necessary to produce 
the liberation of nitric acid, and it will be 
` possible to pour out the molten sodium- 
hydrogen sulphate at the end of the operation 
without breaking the retort. One difficulty 
will have presented itself in putting together 
the distilling apparatus; that is, how to 
make the connection with the retort and the 
receiver tight, as hot nitric acid will attack 
cork, rubber, or any other of the materials 
which are generally used for the purpose of 
making joints in ordinary laboratory work. 
With the facilities which one now has in 
getting glass apparatus of this kind, this 
difüculty is often overcome by having the 
retort neck ground into the neck of the 
receiver, 

If we now consider how we may construct 
an apparatus suitable for manufacturing large 
quantities of nitric acid, we must bear in 
mind all the points which we have explained 
in connection with the laboratory work. We 
shall first have to decide whether we shall 
work in accordance with the first or the 
second equation which we have given above. 
In practice, it is not usual to go as far as 
2H,SO, in the second equation; generally 
one and a quarter or a little more is taken, 7.e., 
Just sufficient to form a compound which will 
melt at the temperature at which the retort 
IS kept, and therefore will enable us to 
run off the charge in the retort when the 
operation is finished. If the proportions 
chosen are two NaNO, to one H,SO,, so 
that Na,SO, results as the end product in the 
retort, it will be necessary to use as a still 
such an apparatus as will enable us to chip 
out the contents of the retort after each 
Operation. For this purpose, a cylindrical 
vessel, about five feet long and about two 
leet in diameter, is generally used ; this is 
provided with a cover in front which is taken 
off after each operation, and thus enables 
the workman to chip the sodium sulphate (or 
salt-cake, as it is generally termed) out of the 
retort. Apart from the extra labour which 
this involves, it is also necessary to cool the 
apparatus for about twenty-four hours before 
It can be opened and emptied, and got ready 
again for another charge. In this mode of 
working, there is a saving in sulphuric acid, 
and the product obtained is commercially 
more valuable; but the relative charges for 
abour and interest on installation, and the 
loss in fuel caused by the heating up and 
cooling down of the apparatus between the 
Charges, are considerable. For this reason 


it is often preferable to use such an excess of 
sulphuric acid as to produce a mixture of 
sodium sulphate and hydrogen sodium sulphate 
in the retort; this, being melted at the end 
of the operation, can be let off through a 
convenient tap hole, leaving the still ready 
for another charge without loss of time 
and with little expense for labour. In an 
apparatus which is designed for this purpose, 
the still will have the shape of an ordinary 
pot with a round cover on it, similar to the 
one shown in Fig. 13; the dimensions of 
these pots vary considerably, to hold charges 
from a hundredweight to one ton and more 
of nitrate of soda. They are provided with a 
pipe going through the lid, through which the 
sulphuric acid is passed into the still; there is 
also a charging hole sufficiently large to enable 
the workman to throw in the nitrate of soda 
with a shovel; there is further a connecting 
piece on the top, to which the earthenware 
pipe conveying the nitric acid vapours to the 
condensing plant is secured. We have 
already mentioned that there is a convenient 
tap-hole at the bottom of the still, for letting 
off the molten residue. The still and all 
these parts are made of cast iron, as this 
resists the action of sulphuric acid down 
to acid of 8o per cent. fairly well. But there 
is some action, and it 1s necessary to allow 
for the gradual eating away of the iron, and 
to make the bottom part of the still, as far as 
it 15 touched by the sulphuric acid and the 
acid sulphate, of sufficient. thickness—two 
inches or more in thickness. It is further 
necessary to brick in a still of this description 
in such a manner that the nitric acid vapours 
cannot condense in the upper part of the 
still and on the lid, as the fumes of nitric 
acid do not act nearly so strongly on the iron 
as the condensed acid does. ‘The fire gases 
are, therefore, conducted round the pot, as 
we have shown in previous examples; in 
many cases they are taken over the lid of the 
still, though this complicates the matter 
considerably, and the same effect can Бе 
obtained by other means. 

Having settled the form which our labora- 
tory retort would have to take to enable us 
to prepare nitric acid on a large scale, and 
the material from which it would have to be 
constructed, we may now consider how to 
deal with nitric acid vapours so as to get 
them condensed. First of all, we must 
ascertain the material of which {һе condens- 
ing part will have to be constructed. [ron 
is naturally out of the question, as it would 
be destroved, and at the same time would 
reduce the nitric acid to its lower oxides ; no 
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other metal could be used except platinum, 
which would be too expensive. We are 
therefore compelled to use earthenware. 
Fig. 14 shows different kinds of apparatus 
used for the purpose ; a number of receivers 
A,A, may be combined with a plate tower B, 
and an "earthenware worm С; or receivers 
only may be used, and the last traces of nitric 
acid may be washed out in a tower filled with 
earthenware solid or hollow balls, over which 
water or sulphuric acid is passing. Неге we 
meet with the difficulty which we have men- 
tioned in discussing the process as carried on 
in the laboratory, 77z., the joining up of the 
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one made by heating up linseed oil with 
sulphur and old india-rubber cuttings, and 
incorporating barium sulphate and asbestos 
fibre in the resulting mass. Where a hard 
setting cement is required, a mixture of 
sodium silicate and ground glass may be 
used. 

The principle of condensation is analogous 
to that of evaporation. One may cool by air, 
or by water, or by freezing mixtures; but in 
every instance the apparatus, to be efficient, 
must be constructed in such a manner that 
the largest surface is presented to the cooling 
medium. 
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FIG. 14. CIVIC APPARATUS USED IN PRODUCING NITRIC ACID. 


different parts. ‘This, in practical work, is 
effected by means of lutes or cements, which 
are filled into the interstices at the junctions ; 
thus the socket D would be filled in with 
cement as far as it would hold the latter after 
the pipe E had been placed in position. 
Naturally it will be necessary to choose such 
a lute as will resist the action of nitric acid 
vapour, and a number of these lutes or 
cements are recommended for the purpose. 
It will be sufficient to mention only a few. 
Thus, where it is desirable to allow a certain 
amount of play on account of expansion by 
heat, or for other reasons, a plastic lute which 
does not set hard is advisable: for instance, 


The example on which we have demon- 
strated distillation shows how important it is 
to carefully study the chemical reactions 


. which take place, so as to design the apparatus 


accordingly ; how necessary it is to consider 
the action of the chemicals used and produced, 
on the material of which the separate parts 
of the plant are composed; and how even the 
smallest details (as in this instance suitable 
jointings) must be attended to. Many modifi- 
cations of distilling and condensing plant will 
be found in technical work, but they should 
present no difficulties to the student who has 
carefully read and understood the foregoing 
remarks. 


(Zo be continued.) 


FRICTION CLUTCHES. 


By GEO. A. F. POVER. 


VERY engineer is familiar with 
friction clutches in ore form 
or another: in fact, the 
ordinary cone clutch is a very 
old invention ; it is only, 
however, during the last few 
years that engineers and 

others have seriously attacked the problem of 
designing an efficient. clutch. А search 
through the Patent Office records would show 
that there are numerous clutches patented, 
each of which (according to the patentee) is 
perfect апа meets every requirement ; but is 
this so? Let us look into the question as to 
what constitutes a perfect clutch. Mr. Walter 
Bagshaw, before the Institution of Civil Engi- 
neers (session 1886-7), stated the following 
to be the essential requirements of a clutch :-— 

I. Positive reliance at all speeds and under 
severe and sudden strains. 

2. Ease in throwing in and out of gear 
whilst in motion. 

3. Freedom from shocks. 

4. Non-liability to wear or derangement. 

5. No tendency to work out of gear. 

6. Last, but not least, moderate price. 


Professor Hele-Shaw, in a paper read be- 
fore the Institute of Mechanical Engineers in 
1903, gives the following four conditions as 
being involved in the problem :— 

I. The clutch must have sufficient gripping 
power. 

2. Undue wearing of the surfaces must be 
avoided. 

3. Provision must be made for conveying 
away the heat, when there is much slipping 
of the clutch. 

4. Motion should be imparted to the driven 
shaft without shock. 


Thus we see that, at the outset, we have to 
meet conditions which, according to mechani- 
cal science, we are unable to reconcile. 

Speaking for myself, having had considerable 
experience in this matter, I do not believe 
there is a single clutch at present made which 
would meet all the above requirements under 
every condition it is possible to name. At 
the same time, I believe it would be possible 
to pick out a clutch from the number sub- 
sequently described, suitable to meet as nearly 
as possible the above requirements, providing 
that we know exactlv under what conditions 


the clutch has to work. Let me give an 
example or two to show what I mean. Suppose 
we have a high-speed motor always running 
in one direction, developing a large H.P., 
and we wish to fit a clutch so that the work 
may be stopped, enabling us to keep the 
motor always running: is it reasonable to 
expect the type of clutch suitable in this case 
to work equally well when used to drive (say) 
a heavy rolling mill which is doing very ex- 
cessive work, but at a low speed? Or should 
we fit an elaborate and expensive clutch to a 
pulley on the line shaft in an amateur's work- 
shop, to do possibly less than 1 H.P.? 

I shall now describe a number of character- 
istic clutches and give their advantages and 
disadvantages, and state under what conditions 
one type 1s preferable to another. 

Take first the ordinary cone-clutch (Fig. 1). 
We here have the simplest form of clutch it is 
possible to make; one portion 15 keyed to the 
driving shaft, and the male portion slides on 
feathers on the driven shaft, the end of the 
driven shaft being carried in bush, which is 
secured to the driving portion of clutch. The 
advantages to be derived from its adoption 
are :—Low price, simplicity of construction, 
and small movement required to put in gear. 


Fic. 1.--ORDINARY CONE CLUTCH. 


The disadvantages are :— Destruction of sur- 
face if allowed to slip much, constant end- 
thrust on shaft, and liability to work out of 
gear. 

In Fig. 2, we have one of the many modifi- 
cations of the cone clutch. This isa clutch 
much used in one form or another on modern 
motor cars. It will be noticed that a band of 
leather is secured to the outside of the male 
portion of the clutch, whilst on the inside 
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will be scen a guard fitted to prevent oil from 
the engine or gear-box reaching the leather. 
With proper attention and careful usage, this 
clutch is fairly satisfactory, but is liable to be 


FIG. 2.— LEATHER-COVERED CONE CLUTCH, FOR 
MOTOR CARS. 


put out of use by oil getting on the leather, 
and by burning out—by no means a rare 
occurrence. Fig. 3 shows a type of clutch 
very suitable for light work. As shown, a 
disc of metal is cambered and attached to the 
sliding portion of the clutch which, on being 


FIG. 3.—Disc CLUTCH, FOR LIGHT POWERS. 


pressed into the pulley, engages with this. It 
is only suitable for the very lightest of work, 
as the friction surface is so small. 

In Fig. 4 we have one of the many forms 


THE BAGSHAW-ADDYMAN CLUTCH. 
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of drum expanding clutch, in which a ring or 
segments are forced into contact by wedges, 
right- and left-handed screws, toggle joints, 
etc. These clutches work well when doing light 
work if they are not required to slip much. 
If much slipping occurs, undue wear and 
much heating take place, which make fre- 
quent adjustment necessary, and in time 
destroy the surface. In Fig. 5 is shown the 
Weston clutch, in which the friction effect is 
produced by a number of circular discs, con- 
nected alternately with the driving and driven 
ends of shaft. With this clutch we might. 
include the brush clutch, in which brushes of 
wire are thrust into a grooved plate. 
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Бс. §.—THE WESTON CLUTCH. 


In my opinion, Fig. 6 shows a vastly im- 
proved form of this clutch, due to Professor 
Hele-Shaw. It will be seen that the plates 
and brushes of the preceding clutches have 
been replaced by corrugated discs of thin 
sheet metal alternately serrated on the outside 
and inside, to fit into grooves cast in the 
driving and driven portion of clutch. These 
clutches are made in various forms : some are 
air-cooled and others are enclosed, and run in 
oil. From experiments made, it would appear 
that where there is much slipping, and for 
high speeds, we have in this an ideal clutch. 
Whether the plates are liable to rapid wear 15 
a point we cannot now decide, as the clutches 
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Fic. 8.—Соп, CLuTCH (Crass B). 


are so little known and have not had the test 
of time, 

We now come to an altogether different 
type of clutch, in which the well-known 
Bripping power of a coil of steel or rope 
1S made use of. 

In Fig. 7 we have the simplest form of this 
clutch, in which a coil of steel with lugs at 
tach end engages with a casting which slides 
Оп feathers and forces the coil on the cone, 
ee thus causes it to wind up and grip. This 
Cütch can be used to drive very heavy 
machinery; it has now been in use for a 


number of years, and for its particular duty 
is found to be entirely satisfactory. This 
clutch drives in both directions, a point in 
which it differs from other clutches of the 
same principle, which I have to describe. 
The only apparent objections are: space 
occupied ; weight, and the amount of pressure 
required to put into gear. On this last point 
it must. be remembered, that once the clutch 
is in gear, there is no end thrust whatever on 
the shaft. 

In Fig. 8 is shown a type of clutch much 
in vogue for heavy work at speeds up to 
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Fic. 9. —Соп. Crurcu (Crass D). 


150 revolutions per minute. The coil is still 
used, but it is fitted on a parallel drum, and 
is wrapped up by means of the bell-crank 
lever, this lever being pressed into position 
by means of the sliding disc shown. With 
this clutch there is always a certain amount 
of end pressure on the shaft, but at the speeds 
given this has not been found detrimental. 
When 1 mention that this type of clutch is 
used for reversing rolling mills (which are 
reversed, say, every thirty seconds), with 
drums 36 inches diameter, and 19-inch shaft, 
with an area at coil head of 36 square inches, 
it will be seen that these clutches are capable 
of work which seems incredible to people 
unacquainted with their capabilities. 

The clutch shown in Fig. 9 has been 
designed to overcome the objections some- 
times raised, of end pressure and unprotected- 
ness of clutch. It will be seen that the 
principle is exactly the same, 1 ‘t the method 
employed for wrapping up the coil is 
different. In this case a vertical lever is 
attached to the cover plate of the clutch. 
This cover plate is slotted, as shown, so that 
any necessary adjustment may be easily 


So 


y 
E 


—s 
s 


made. The sliding portion engaging the 
lever is made spherical, so that when the 
clutch is in gear there is absolutely no end 
pressure on the shaft. As the clutch is 
entirely cased in and filled with oil, it is 
possible to work it with very little attention 
when once adjusted. This clutch picks up 
its load very smoothly, and is largely used 
for fitting to the pulleys of electric motors, 
when the work has to be stopped without 
stopping the motor. 

We now come to the last clutch shown 
(Fig. 10), which I think isa radical departure 
from anything that has yet been made in the 
way of clutches. It is specially designed for 
motor car work, and in practice works to the 
entire satisfaction of everyone. It will be 
seen, although the coil is still in use, that 
there are many features which are new. ‘The 
chilled drum is made hollow, and in this drum 
are holes through which oil is drawn by 
centrifugal action right to the part where it 
is required. This is a point which, I think, 
will overcome much of the trouble caused by 
heating. A lubricator is fitted to the cover, 
so that it is possible to feed the hollow drum 
with oil, although the motor may be running 
at 1,000 revolutions per minute. ‘The method 
of wrapping up the coil is clearly shown, and 
15 entirely under the control of the driver. 


FIG. ТО. -- IMPROVED Соп. CLUTCH. FOR 


MOTOR CARS. 
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The weight has been cut down to a 
minimum, and when I say that the clutch 
shown only weighs one pound for every 
horse-power transmitted, it will be admitted 
that we have a clutch which should be in 
great demand by makers of all types of 
cars. 
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In conclusion I must acknowledge my 
indebtedness to Professor Hele-Shaw for 
much information, taken from his paper, 
concerning his type of clutch, and also to 
“The Consolidated Engineering Company” 
for the information that has been given me 
concerning coil-clutches. 


IN WEAVING. 


PART IV.—ANTI-FRICTION DEVICES FOR PIRN WINDING MACHINES. 


[44 Rights Reserved.) 


By HARRY NISBET, Head of the Weaving and Designing Department, Municipal 
Technical School, Bolton. 


NOTHER type of anti-friction 
devices for pirn winding, 
patented by D. Sykes and 
W. Mitchell, is illustrated by 
an end and front elevation, 
in Figs 17 and 18 re- 
spectively. This device con- 

sists of a pair of bevelled discs or cones 
Н, H' (їп place of a stationary pirn cup), 
between which bobbins are built up with 
yarn. The discs are supported by, and 
revolve freely upon, studs X, X', secured to 
brackets V, V', fixed to a cross-rail. "They 
are rotated negatively by their surface con- 
tact with bobbins G. These are supported 
vertically between their respective discs by 
means of spindles E and bolsters W ; and are 
turned by the spindles, which pass centrally 
through them, and then enter rectangular 
holes in wharves D, which are driven in 
the usual manner by means of cotton bands 
C from a tin drum. As bobbins revolve, 
yarn is guided up and down along their 
respective cones by means of guides U, 
fast upon a guide rod T, which is carried 
by a number of arms S, fixed at intervals 
upon a rod R, extending one on each side 
from end to end of the machine. The 
resistance offered by the discs forces a 
bobbin and its spindle upward as additional 
layers of yarn are added to it, until it is 
filled, when its spindle withdraws from the 
hole in the wharve, and thereby automatically 
Stops. 

In the previous article under this head, it 
Was stated that whatever form these anti- 


friction devices may take, and however they 
may be applied, Z%eir success largely depends 
upon the surface velocity of a disc or bowl, and 
a bobbin cone, exactly coinciding at all their 
points of contact with each other, which con- 
dition may only be secured by shaping the 
discs or bowls so that their circumferences 
vary in exactly the same ratio as that of a 
bobbin cone. 

. Judged according to that dictum, it is 
manifest that the device under present 
notice only partially meets the conditions 
stipulated, and does not, therefore, entirely 
eliminate friction between yarn and the discs, 
notwithstanding the patentees’ assertion that 
the surface velocity of a bobbin cone, and of 
the discs, exactly coincide; and that there 
is, therefore, no friction upon yarn. Now, 
had the inventors of that device devoted a 
little more thought and care to its construc- 
tion, they might have successfully achieved 
their object by a very slight modification in 
the shape of the discs, and also by placing 
their axes in a little lower plane in relation 
to the bobbin cone. As represented in 
Fig. 18, the major and minor diameters of 
the bobbin cone are in the ratio of twelve 
to five, and the respective surface velocities 
will be in the same ratio; whereas the ratio 
of the diameters and velocities of corre- 
sponding points on the discs are incom- 
putable, by reason of the points of a cone 
being in the same plane as its absolute axis, 
and of infinite dimensions, [t follows, there- 
fore, that there will be a certain amount of 
slippage, and consequent friction, between 
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the discs and a bobbin cone, which slippage 
gradually increases from the larger diameter 
towards the smaller diameter of the cone, at 
which point it will be at its maximum. 

The method of obtaining the correct form 
of discs, and the correct position of their 
axes, is clearly demonstrated by a graphic 
diagram, Fig. 19. It is only necessary to 
produce one side of the bobbin cone AB, 
until it cuts the axis of the bobbin at C, 
which marks the exact position of the axis 
C D, of the discs. This will ensure the 


circumference of both discs and bobbin 
cones varying in exactly the same ratio; 
thereby ensuring the same surface velocity 
at all points of their contact with each 
other. This, of course, presumes the 
friction of discs upon their bearings to be 
nif—a condition which may be approached 
by means of ball bearings. 

There are other equally glaring examples 
of the departure from the conditions necessary 
to ensure a perfect rolling contact of bobbins 
with another surface against which they are 
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built up. Such departure is exemplified in 
all instances in which conical bowls or rollers 
are so placed that the larger diameter of a 
bowl is contiguous with the smaller diameter 
of a bobbin cone (and per contra) as seen in 
Fig. 20. This diagram illustrates the wrong 
application of conical bowls in a pirn winding 
machine, and is one of numerous examples 
of a similar kind that will serve to demon- 
strate the misconception under which their 
inventors appear to have worked. 


Fic, I9.—SHuowiNG THE CORRECT METHOD OF 
DESIGNING BEVELLED DISCS. 


The machine under present notice contains 

а Series of metal conical bowls E, fixed at 
the top of vertical spindles or shanks D, sup- 
Ported at regular intervals by a rail H, with 
Such distance between their surfaces as will 
Permit of a pirn bobbin F resting vertically 
€tween them, with its head uppermost. The 
COnes are placed with their larger diameter 
Ownward, and their smaller diameter up- 
Ward. The shanks or spindles of cones are 
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furnished with flat discs C, which bear against 
the peripheries of revolving discs B, fixed 
upon a driving shaft A, placed one on each 
side of the machine. Hence the cones are 
frictionally driven, and they in turn drive 
bobbins also by frictional or surface contact. 
Bobbins are supported in position by means 
of long spindles G, which pass freely 
through them, and enter bolsters (not shown) 
fixed upon a cross-rail. Thus, as a bobbin 
flls with. yarn, the resistance of the cones 
forces it, with. its spindle, upward, until the 
spindle withdraws from its bolster, when it 
automatically stops. With such an application. 
of conical bowls, it will be readily manifest, 
even to a casual observer, that there can 
only possibly be one point of their contact 
at which the surface velocity of a bewl and a 
bobbin cone can coincide. It will, therefore, 
slip at all other points of contact. ‘The point 
of coincidence probably occupies а mean 
position. between the extreme diameters of 
the cones, or else a point nearer the smaller 
diameter of a bobbin cone. ‘That this and 
similar imperfect devices have found any 
measure of appreciation from manufacturers 
is evidence of the serious character of the 
defects which they are designed to overcome, 
and of their readiness to adopt means that 
will even partially fulfil their object. 

It is satisfactory to note, however, that 
more recent inventors have learnt the correct 
application of the principle of a rolling surface 
contact for pirn winding. One of the earliest 
devices constructed on right principles is that 
in which three wooden or metal conical bowls 
are employed in lieu of a pirn сир. One of 
numerous modifications of that arrangement 
is shown in elevation and plan in Figs. 21 
and 22 respectively. ‘Three exactly similar 
metal cones are placed triangularly in an 
inverted position, so that their larger diameters 
are upward, and their smaller diameters down- 
ward. ‘Ihe cones are each furnished with a 
tightly-fitting pin passing centrally through 
them, and pointed at each end ; and are con- 
tained in a bracket consisting of a base, cast 
with two pillars to support a crown (not 
shown in plan) The lower extremities of 
cone pins enter fixed sockets in the base; 
whilst the upper extremities enter sockets in 
adjustable caps set-screwed to the crown. 
Thus, the angle of the cones may be adjusted 
to suit different sizes and shapes of pirn 
bobbin heads, which, during winding, rest 
between and against the cones, and are turned 
in the usual manner by means of spindles and 
wharves driven by cotton bands from a tin 
drum. The bearings of cone pins require to 
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be kept well lubricated, and free 
from yarn and lint, to ensure the 
free rotation of cones by their 
surface contact with a bobbin. 
Another modification of the three- 
cone system is shown in perspective 
in Fig. 23. In this device the 
cones are supported by, and revolve 
upon, spindles that are secured to 
adjustable pieces set-screwed to the 
base, thereby permitting of their 
adjustment. 

A more recent application of 
cone winding, and one that appears 
о have met with considerable 
success, is exemplified by those 
machines in which a single inverted 
metal cone is employed, against 
which a bobbin is firmly held as it 
is built up with yarn. Fig. 24 is a 
part elevation of a single-cone pirn 
winding machine, on each side of 
which are fixed a number of brackets 
O, each containing a conical bowl P 
Bobbins F are held in close con- 
tact with their respective cones by 
means of spindles E suspended from holders 
G which slide in brackets Н. The lower 
ends of spindle shanks enter rectangular holes 
in wharves D, by which they are driven; the 
wharves being driven by means of cotton 
bands C, from a tin drum B.  Spindle 
holders G are suspended by means 
of wire links from weight levers I, 
fulcrumed on pins J, contained in 
vertical arms K, of brackets H. 
Weight levers each contain two 
weights. One of these, L, may be 
adjusted so as to impart a greater 
Or lesser degree of pressure of a 
bobbin against its cone during 
winding ; whilst the other, M, is a 
balance or compensating weight 
that slides freely upon the lever as 
the latter changes its position, to 
Compensate for the increasing 
Weight of a bobbin as it fills with 
yarn, This is accomplished by 
means of a wire link N, fulcrumed 
at one end, to arm K, with the 
Other end attached to a hook on 
Weight M. Thus, as a bobbin rises, 
and the rear end of lever I falls, 
Weight M gradually recedes from 
the fulcrum, thereby increasing its 
Orce upon the lever, and counter- 

alancing the increasing weight of a 0 
Obbin, 


Yam is guided up and down along Fic. 22.—PLAN OF A THREE-CONE DEVICE FOR PiRN WINDING. 
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the bobbin cones by means of guides actuated 
from cams T, shaped so as to give a slow 
upward and a quick downward traverse (the 
velocity being in the ratio of one to two 
respectively), whereby threads are placed 
upon their respective bobbins in alternate 
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layers of a close and open spirality (as in 
mule cops), thereby causing them to cross 
and re-cross, and bind themselves more 
compactly than is possible with a uniform 
traverse in both directions. An alternative 
method of actuating yarn guides is by means 
of an eccentric U, fixed on one end of the 
tin drum shaft A. 

Before bringing to a conclusion these 
observations on anti-friction devices for pirn 
winding, it is desirable to again emphasise 
the italicised statement contained in the 
second paragraph of the present article, 
having reference to the shaping of discs or 
bowls, so that their circumference varies in 
exactly the same ratio as that of a bobbin 
cone. That statement is true under any 
conditions, and quite irrespective of the 
number of cones to each bobbin, as one, 
two, or three. The condition therein set 
forth may only be observed in the 
following circumstance, namely: where the 
sides of the conical boul or bowls, and also of 
the bobbin cone, all converge fo a common point, 
which point must, of course, necessarily be 
somewhere on the axis of a bobbin. ‘This 
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Fic. 23.—A THREE-CONE DEVICE FOR 
PIRN WINDING. 


is graphically demonstrated in Fig. 25, where 
a pirn bobbin A is represented between two 
cones (B and C) of different angles, namely, 


FIG. 24.—PART ELEVATION OF A SINGLE-CONE PIRN WINDING MACHINE. 
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30 degrees and 45 de- 
grees respectively. The 
sides of the bobbin cone 
are produced until they 
meet on the axis of the 
bobbin at point D, which 
marks a common point 
from which the sides of 
a cone or cones should 
diverge, as shown. Thus, 
notwithstanding the 
difference in the angles 
of the two bowls, and 
the different positions of 
their axes, in relation to 
the axis of the bobbin, 
their diameters, and also 
the diameter of the bob- 
bin cone, aZ vary in 
exactly the same ratio; 
therefore (in the entire 


absence of frictional re- 
sistance) ZŘeir surface 
veloaties would exactly 
coinctde at all their 
points of contact with 
each other. It is proved, 
therefore, that the angles 
of the cones may be of 
any practicable number 
of degrees, and that 
they may be placed in 
different relative posi- 
tions to the axis of a 
bobbin, provided the 
condition just set forth 
is adhered to; but in 
proportion as that con- 
dition is departed from 
will the surface velocities 
of bowls and bobbin 
cones vary. 


Fic. 25.—DIAGRAM SHOWING THE CORRECT FORMATION AND APPLICATION OF CONICAL 
BowLs FOR PIRN WINDING. 


(Zo be continued.) 


INSULATION AND INSULATORS. 
By HAROLD D. SYMONS. 


Paper read before the Students’ Section of the Institution of Electrical | 
Engineers, April 27th, 1904. 


PART J.-—INsuLaTION—(continued from page 9o). 


HE next point which naturally 
arises is as to whether dielectrics 
waste power under high alter- 
nating potential stresses. Does 
dielectric hysteresis play an im- 

Portant part in the losses which go on ina 
cable ? 

In all tests which have been carried ош to 
determine the loss in the dielectric, it is 
extremely difficult to say how much was due 
to dielectric hysteresis and how much was due 
to pure conduction, for insulators undoubtedly 

О conduct. 

Although it is not impossible to conceive 
that a loss goes on in dielectrics, due to the 
rapid rate of change of E.M.F., analogous to 
the hysteresis loss of iron, yet the dielectric 
hysteresis loss must be extremely small. 
In view of the beautiful experiments carried 
Out by Professor ‘Threlfall and published in 
the Physical Reriew (see Vols. IV. and V.), a 
dielectric has a small hysteresis loss. 


If we consider the case of a high voltage 
concentric cable at one instant, the rate of 
fall of potential will be greatest in that part 
of the dielectric which is nearest to the 
conductor at the maximum potential ; but at 
another instant this conductor will be at 
zero potential, and the rate of fall of potential 
in this same portion of the dielectric will be 
at its lowest value at this instant. If dielec- 
trics conduct in the same manner as con- 
ductors, a conductor wastes very little more 
power in conducting an alternating current 
than it does in carrying a continuous one, 
and therefore, owing to the high resistance 
of the dielectric, the loss by hysteresis could 
only be due to the magnetic effect of the 
alternating field upon it; but as its perme- 
ability is considerably less than unity, the 
loss due to magnetic hystcresis of the dielec- 
tric would be practically nothing. At any 
rate, it would be so small that, with our 
present methods of testing hysteresis loss, it 
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could not be measured with any certainty. 
It may be, however, that the dielectric, as a 
bad conductor, has currents induced in it due 
to the rapidly alternating field, and that this 
is a source of loss. 

It is more probable that insulators do not 
conduct in the same way as conductors, but 
it is difficult to conceive that this is so, if 
the dielectric 1s homogeneous. 

Any dielectric which has absorption must 
waste power. This, however, is a property 
which conductors have not apparently got; 
but if a dielectric which showed absorption 
could be tested at such a frequency that it 
would have no time for absorption to take 
place, the author is of the opinion that it 
would be found that practically no power was 
lost due to dielectric hysteresis. 
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loss in a dielectric other than by conduction 
is absorption; but a dielectric showing con- 
siderable absorption, will have a compara- 
tively low disruptive strength. 

From what has been said, the next ques- 
tion is, if insulators conduct, how do they 
conduct, and do they obey Ohm’s law ? 

There are some substances, ‘such as 
graphite, of which it can be said that they are 
neither insulators nor conductors; but they 
have a sufficiently high resistance to be used 
for the insulation of armature core plates, 
and at the same time do not prevent con- 
tinuity of iron. There are others, also, which 
under different conditions are either insu- 
lators or conductors. 

Ice, and water (if purified in a vacuum and 
not allowed to come into contact with the 
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Fic. 8.—CURVE SHOWING DECREASE IN INSULATION RESISTANCE 
DUE TO IMMERSION OF INSULATED WIRE IN WATER. 


If any dielectric does waste power in this 
or any other way, after the loss has been 
shown not to be either by conduction or ab- 
sorption, it is probably due either to air holes 
or to the presence of some foreign matter in 
the dielectric, which produces either disturb- 
ance or irregularity in the rate of fall of 
potential through the dielectric; and the 
reason that the author is of this opinion is 
that dielectrics, such as oil, which are able to 
be manufactured or obtained very nearly 
homogeneous throughout, show very little 
loss of power under high alternating poten- 
tials, and what loss there is is probably due 
to conduction ; whereas dielectrics which are 
by no means homogeneous, such as air, 
show apparently a comparatively high loss 
other than by conduction. 

The most probable cause of appreciable 


air) are good insulators, but ordinary water is 
a very good conductor ; selenium under the 
influence of light conducts, but if placed in 
darkness its resistance rises so high that it 
may be said to be an insulator; they are, 
however, only insulators as regards their 
ohmic resistance, as, except ice, they have no 
great disruptive strength. 

It is certain that neither gutta percha nor 
paraffin obeys Ohm's law, but undoubtedly 
some dielectric liquids do: if insulators obey 
Ohm’s law, then their resistances should be 
the same with all E.M.Fs.; but tests tend to 
show that it has been almost impossible to 
obtain the same resistance (at any rate, with 
cables) with various E. M.Fs. 

Mr. O'Gorman, in his paper on the Insu- 
lation of Cables, read before this institution 
in March, 1901, attributes the discrepancy in 
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results to leakage loss at the ends: after 
some careful work in this direction, however, 
the author is of the opinion that the irregu- 
larity of results is due to the fact that at the 
high voltages the rate of electrification tends 
to be higher than it does with the lower 
voltages, as the insulation resistance of a 
dielectric will vary with the time the voltage 
is applied, although for the convenience of 
comparison of tests it is always taken at the 
end of one minute ; the difficulty of ensuring 
that the temperature of the cable has been 
the same throughout the tests has also 
probably affected the results of the tests 
which have been made and published (see 
Mr. Siemens, in discussion on Mr. Preece’s 
paper, Vol. 21, p. 216, Journal of Institute 
Electrical Engineers). 

If Ohm's law holds good with dielectrics, 
increasing the thickness of dielectric. should 
proportionately increase the insulation re- 
sistance: increasing the thickness does in- 
crease the insulation resistance, but whether 
in the same proportion seems doubtful. 

The author has taken great pains in 

carrying out numerous tests to endeavour to 
prove this, but the tests of plates of various 
thicknesses of dielectrics are affected by 
atmospheric conditions to such an extent 
that it has been found impossible to obtain 
results which are of much value, or at all 
conclusive ; from the results of the author's 
experience, however, if it were possible to 
obtain samples of uniform thicknesses of the 
same dielectric absolutely homogeneous 
throughout, and their molecular construction 
identically the same, he is of opinion that 
it would be found on testing these and 
eliminating all sources of error, that those 
insulators which were chemical compounds 
Or natural elements would obey some such 
law as that of Ohm, but that mixtures would 
not; this will mean that nearly all the insu- 
lators at present on the market do not obey 
Ohm’s law. 
_ This has, of course, no reference to the 
Insulation resistance of cables, for as we 
proceed further and further from the centre, 
the area of each layer increases, and therefore 
Successive layers of dielectric do not add 
equally to the resistance. 

The insulation resistances of cables with 
the same dielectric will be proportional to the 
logarithms of the ratios of their external and 
internal diameters of dielectric. 

However, Ohm’s law cannot hold with 
dielectrics :— 

1. Where there is any decomposition of 
the dielectric due to electrolytic action, and 
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energy is used 
decomposition. 

2. Where the dielectric is not homogeneous 
with regard to its specific inductive capacity, 
as the particles of higher specific inductive 
capacity tend to set themselves in the plane 
of thc highest potential slope. 

3. Where convection occurs, which always 
tends to take place when the electrical stress 
is high. 

No. 2 would seem to confirm the author's 
opinions as to dielectrics obeying Ohm's law. 

Three theories have been put forward as 
to how insulators conduct :— 

I. By convection. 

2. Electrolytically. 

3. By an actual movement of particles 
from place to place. 

If insulators conduct by convection, then 
those fluid insulators that obey Ohm's law 
cannot conduct by convection, as it would 
not occur if the fluid were viscous, and it is 
probable that all insulators conduct in the 
same manner. 

If they conduct electrolytically, then Ohm's 
law cannot hold, as before stated; energy 
being used to produce the electrolytic action. 
Although it has not yet been definitely proved 
that dielectrics do not conduct electrolytically, 
at all events, if they do, the electrolytic action 
is extremely small. 

The last theory, that of an actual move- 
ment of the particles from place to place, 
really seems to be the most probable one, 
especially in view of the experiments carried 
out by George Reams. 

Reams carefully stripped, layer by layer, the 
gutta percha of a cable that had been used 
for twenty years, and found that the copper 
had actually penetrated every layer; similar 
results were found with paper and oil insula- 
tors; but in order to have made these tests 
more conclusive, the percentage of copper in 
each layer should have been determined, 
and the paper and oil dielectrics should 
be quite free from acids that might attack 
the copper. 

So far as the author is aware, there are no 
published results of similar tests having been 
carried out with rubber, but it is probable 
that if such a test were carried out, it would 
be found that the copper had penetrated the 
rubber, due in all probability to the sulphur 
in the rubber acting on the copper through 
bad tinning. 

There is a large field for research in this 
direction, and it would be of very great 
interest if some of the insulating oils that 
have been in use in transformers and oil break 
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switches and fuses were analysed, to see if 
similar results were obtained. 

If this is so, it may be that dielectrics waste 
power under high alternating potentials due 
to an actual mechanical vibration: at any 
rate,this theory would seem to be substantiated 
from the fact that the presence of conducting 
particles in a dielectric increases the inductive 
capacity, and as cables get older the inductive 
capacity increases, especially with gutta percha 
cables; this, however, may be due to the 
ageing of the dielectric. 

It has been suggested that perhaps the 
conductivity of a conductor is affected by the 
dielectric. which surrounds it: Sandford has 
experimented a good deal in this direction, 
and from his results he was of the opinion 
that the conductivity of a conductor varied 
with the surrounding dielectric : he however 
only employed vapour dielectrics, as air, ether 
vapour, coal gas, petroleum, etc., and found 
that whereas copper showed a lower resistance 
in petroleum than in air, the reverse was the 
case with silver. 

This touches the question which has been 
raised with reference to the action of acids 
in the dielectric on the conductor, but Sand- 
ford's results showed that the difference in the 
conductivity of the conductor was so ex- 
tremely small as to be within the linnts of 
experimental error. 

It, however, emphasises one fact, which the 
author is of the opinion has been too much 
ignored, that a good dielectric must be chemi- 
cally inert ; it is possibly for this reason, and 
also from the fact of its being unaffected by 
long immersion in water, that gutta percha 
has proved itself such an excellent insulator. 
Bitumen is chemically inert, and may prove 
itself to be of considerable value in the 
manufacture of power cables. 

If two similar condensers are electrified 
from the same source, they will attain the 
same potential ; but the charges they receive 
will be proportional to their capacities. By 
determining the ratios of these charges, tbe 
ratios of their capacities is determined; if 
air be the dielectric used in one condenser, 
Faraday called this ratio “ specific inductive 
capacity," and Maxwell, the “ dielectric 
constant." 

There have been many attempts made to 
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obtain the specific inductive capacities of 
substances *; it would seem, however, that 
this is affected by temperature (especially at 
very low temperatures T), but not within such 
wide limits as the specific insulation re- 
sistance. 

Attempts at determining the specific insula- 
tion resistance have been very discouraging, 
it being impossible to obtain anything like 
uniformity of results. ‘The insulation varies 
enormously with the temperature. 

Maxwell pointed out, in his electro-magnetic 
theory of light, that a certain definite relation 
must exist between the index of refraction 
and the dielectric constant. of a medium 
transmitting. light, and that the specific 
inductive capacity multiplied by the permea- 
bility is equal to the square of the index of 
refraction. 

All transparent solids are insulators, but it 
is doubtful whether this law can be universally 
applied T to all insulators. 

The relationship between specific inductive 
capacity and specific insulation resistance is 
very difficult to determine. 

As before stated, particles of higher specific 
inductive capacity in a matrix of lower specific 
inductive capacity tend to set themselves 
along the lines of highest potential slope, 
and this is doubtless the cause of breakdowns 
with dielectrics containing impurities. 

If a dielectric has a high specific inductive 
capacity, it also has a low specific insulation 
resistance, and vice versa; this, however, is 
not always so, as by a careful mixture of 
some dielectrics, ап insulator may be pro- 
duced that has a low inductive capacity and 
a low insulation resistance. 

Such a dielectric, however, is apt to have 
electrical absorption, and is likely to absorb 
moisture; the presence of moisture in a 
dielectric 1s disastrous, as it will increase 
the inductive capacity, water having a very 
high specific inductive capacity. 


* See “Phil. Magazine," Vol. XLIV., p. 404, 
1891; ‘Phys. Review," Vol. XIL, pp. 50-52, 
January, 1901; ** Phys. Review," Vol. IV., p. 479, 
and Vol. V., p. 46, 1897. 

tT See Electrician, Vol. XXXIX., p. 645, or “ Pro- 
ceedings of Royal Society." 

1 See Professor Threlfall’s 
Review," Vol. V., p. 65. 
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ELECTRO-CHEMICAL AND ELECTRO-METALLURGICAL 
INDUSTRIES. 
Part VI..— MISCELLANEOUS USES OF THE ELECTRIC CURRENT FOR CHEMICAL PURPOSES. 


By JOHN B. C. KERSHAW, F.I.C. 


Oxygen and Hydrogen. 


HE electrolysis of an acidified 
solution of water has been 
for years a common lecture- 
table experiment for illus- 
trating the composition of 
water and the chemical 
action of the electric current : 

but it is only recently that this method has 
been applied upon. an industrial scale for 
the commercial production of oxygen and 
hydrogen. Many forms of apparatus for 
decomposing water by aid of the electric 
current, and for collecting the gases 
liberated at the positive and negative poles, 
have been designed and patented ; but 
the general principle of the process and 
design is common in all cases. In the 
majority of instances, a 10 to 20 per cent. 
solution of sodium hydrate is employed as 
electrolyte, with iron as electrode material. 
Incomplete sheet-iron partition walls ог 
diaphragms separate the anode and cathode 
compartments of the cell, and the depth of 
these is so arranged that they effectually 
prevent admixture of the hydrogen and 
oxygen liberated at the cathode and anode 
respectively, while permitting the current to 
travel round them. The E.M.F. employed 
with such a cell must, of course, be carefully 


regulated, and 
[y should not ex- 


ceed 2'4 volts, 
otherwise these 
pee dia- 


Fic, І. — THE ScHoor хова AND IIvpRoGEN CELL, 


phragms would function as secondary elec- 
trodes, the current would pass through 
instead of round them, and explosive gas- 
mixtures would be produced in each division 
of the cell. The iron walls of the outer 
vessel in this design of cell are usually 
employed as cathode, while a nickel or 
iron plate serves as anode. The Garut, 
Siemens and Halske, Oerlikon, and Schuckert 
cells are of this type. 

In the Schoop cell a dilute sulphuric acid 
solution is employed as electrolyte, and this 
necessitates lead being used as material for 
every part of the cell. Fig. 1 isa view of a 
series of Schoop cells for hydrogen and 
oxygen production, installed at Cologne, in 
Germany. The vessels on the left are the 
gasholders for storing the oxygen and hydro- 
gen produced by the apparatus, that for 
hydrogen being the larger of the two. 

The yield of oxygen and hydrogen with 
these forms of apparatus varies from 225 
litres to 252 litres per k.w. hour, two-thirds 
of this volume being hydrogen. The cost of 
running the cells is low, since they require 
little attention, and the caustic soda or 
sulphuric acid used as electrolyte is con- 
tinuously regenerated, only the water being 
decomposed. As regards cost, a Schuckert 
installation at Hanau, in Germany, is stated 
to yield 100,000 litres of oxygen and 200.000 
litres of hydrogen per twenty-four hours, and 
the running costs amount to £6. ros. per day. 
By this plant бо litres of oxygen and 120 
litres of hydrogen are therefore produced 


AT COLOGNE. 
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for 17. Installations of this type in con- 
nection with other industries have been 
erected and worked at Tivoli, Rome, Milan, 
Zurich, Lucerne, Cologne, Hanau, Brussels, 
Toulouse, Oloron Ste. Marie, Montbard, 
and Paris; and, in addition to these, the 
balloon engineering corps of the English, 
German, and Italian armies have their own 
installations for preparing the hydrogen gas 
required for balloon purposes. 

The applications of the gases are varied, 
but in many cases, as at Hanau and Cologne, 
the oxygen and hydrogen are utilised in a 
special form of blowpipe for heating pur- 
poses ; and many storage cell and accumulator 
factories are now equipped with this 
apparatus for making the joints in the 
lead cells and plates. 

The industry 15, therefore, one of the 
most successful and promising of the 
minor electro-chemical industries. 


Ozone. 


It has long been known that the 
curious smell observed when working 
the old form of electrostatic machines 
was due to the formation of ozone, 
and that this was produced by the 
passage of the silent electric discharge 
from thecollecting brushes and terminals 
of the machine, through dry air. 

This method of ozone formation has 
now been applied to its production upon 
a large scale for industrial purposes ; 
the required current pressure (5,000— 
20,000 volts) being obtained by the use 
of large induction coils, or by trans- 
formers worked in connection with an 
alternating current supply from the 
mains. А large number of ozonisers 
havebeen patented, the general principle 
being to use glass as dielectric between two 
metal plates or tubes ; and to allow dry air to 
pass over or between the two electrodes while 
the silent electric discharge occurs. Sparking 
cannot be permitted, since it decomposes the 
ozone already formed ; and the distinctive 
feature of the various patents taken out for 
ozonisers lies in the methods and devices 
adopted {ог minimising or avoiding this 
danger. Fig. 2 is a sectional drawing of the 
latest Siemens and Halske form of tube 
ozoniser, E being the outer metallic coating, 
D the inner metal tube, and C the glass 
dielectric. The air enters below, and on 
passing up the annular space between D and 
C, a portion of the oxygen is converted into 
ozone by the discharge occurring between 
the two electrodes. The outer tubes are 
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surrounded by water to promote cooling, and 
all the outside parts of the apparatus are 
kept at earth potential, to minimise risks 
from the high potential employed. The 
Andreoli, Elworthy, Marmier-Abraham, Otto, 
Yarnold, and Vosmaer-Lebret are other forms 
of ozonisers, which have received trial upon 
an industrial scale. The production with 
these forms of apparatus varies from 20 to 
150 grams of ozone per k.w. hour. As 
regards utilisation of the  ozonised air 
produced, no great success has yet been 
attained in any direction, and most of the 
attempts to apply ozone in the arts and 
industries are still to be regarded as experi- 
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mental in character. Ozone 1s, of course, a 
most efficient bleaching and oxidising agent ; 
but other agents for effecting oxidation in the 
chemical industries exist, and are usually 
preferred since they are less costly ; chlorine 
being that usually employed. Latterly, the 
application of ozonised air to water purifica- 
Поп has received much attention, and 
experimental plants of this description have 
been erected at Paris and Lille in France, at 
Schiedam in Holland, and at Martinikenfelde, 
Schierstein, and Paderborn in Germany. 
Fig. 3 is a sectional drawing of the 
water-sterilisation tower at the latter place. 
Similar experimental trials of ozone as a 
water purification agent have also been 
carried out at Lea Bridge, near London, but 
no very trustworthy figures, showing the 
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economic results of any of these triais, have 
yet been published. The general opinion is 
that ozone as a water-purifying agent will 
prove too costly for adoption, excepting in 
those cases where there 15 special need for 
absolute sterilisation of the water supply. 
This was the cause of its adoption at Lille, 
which was some years ago subjected to an 
epidemic of typhoid fever that was traced to 
the water supply. Other applications of 
ozonised air are for the bleaching of oils and 
fats, the preservation of fruit and food, and 
for the production of certain organic 
chem cals. So far, the most notable success 
has been achieved in the manufacture of 
vanillin and heliotropine at Courbevoie, 
near Paris; but trials which may lead to 
important industrial development, in con- 
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a direct current of from 8,000 to 15,000 
volts potential, and 138 arcs, breaking 
and making 53,000 times per minute, is 
employed. The air, after passing through 
the apparatus, is said to contain 2'5 per cent. 
of nitrogen oxides; and a company named 
“The Atmospheric Products Company " has 
been formed to exploit the patents. The 
fundamental idea of the process is not new: 
McDougal and Howles in this country, and 
Kowalski and Moscicki in Germany, have 
experimented upon the same reaction, and 
have published valuable figures and data 
obtained in their researches. 

The two foreign investigators have also 
patented their method of applying the 
principle of spark discharges to nitric acid pro- 
duction ; and their process is believed to be 


FIG. 3.—WATER-STERILISING TOWER AT PADERBORN, GERMANY. 


nection with the other applications named 
above, are now proceeding in this country. 
The ozone industry may therefore still 
develop into one of some magnitude and 
importance. 


Nitric Acid and Cyanides. 


One of the latest proposals for the 
application of electricity in the chemical 
industry is to employ it for the fixation of 
the nitrogen of the air, either in the form of 
nitric acid, nitrates, or cyanides. Ап ex- 
perimental plant for obtaining nitric acid 
by aid of the electric spark discharge has 
been operated for over a year at Niagara 
Falls, the process employed being that 
patented by Bradley and Lovejoy. In this 
experimental plant dry air is submitted to 
the action of a rapid succession of spark 
discharges in a special form of apparatus ; 


receiving trial upon an industrial scale at 
the factory of the Société de l Acide Nitrique, 
at Fribourg, in Switzerland. Muthmann and 
Hofer at Munich, and Dr. von Lepel in 
Vienna, are also experimenting with similar 
processes, and have obtained instructive 
results. The writer is doubtful whether any 
commercially successful process of nitric acid 
production will result from these trials. 
Volney has shown that the electric spark 
decomposes nitric acid and the oxides of 
nitrogen, and that the reaction is, therefore, 
a reversible one; while Haber has stated, as 
the result of personal observation, that the 
production of acid above 55 per cent. HNO, 
is impossible by the process worked at 
Niagara Falls. 

The manufacture of nitric acid by aid of 
the electric current from the oxygen and 
nitrogen of the air, therefore, will be probably 
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relegated to the growing list of electro- 
chemical processes which are theoretically 
possible, but are not, under the present 
industrial conditions, practicable or of 
economic value. i 

With regard to the formation of cyanides, 
the processes are equally tentative and ex- 
perimental ; and the possibility of competing 
with the usual chemical methods of cyanide 
manufacture is still unproved. 

One process for fixing atmospheric nitrogen 
in the CN form of combination is to heat a 
mixture of lime or chalk and charcoal to a 
temperature of 2,000" C. inan electric furnace, 
and to lead air or nitrogen over the heated 
mass. А product known as “calcium 
cyanamide” is obtained, and this may be 
utilised to form potassium cyanide by double 
decomposition, orit may be directly employed 
as an artificial manure and as a substitute 
for nitrate of soda or sulphate of ammonia 
in agriculture. Under the name of “ Kalk- 
sticktoff" the product is, in fact, reported to 
be now manufactured and sold for this latter 
purpose in Germany. 

Another process for obtaining nitrogen in 
combined form from the air has been patented 
by Chalmot, and is being tried experimentally 
in the United States. Rutile, a mineral con- 
taining chiefly titanium oxide,is heated with ex- 
cess of carbon in an electric furnace, and nitro- 
gen is forced downwards through the heated 
mass. A nitride of titanium is produced, 
and if steam be blown through the mass of 
ore and coke while still in the heated state, 
ammonia (NH,) will be produced. The in- 
ventor states that the process can be made a 
continuous one, and that the oxides of calcium, 
barium, or aluminium may be employed in 
place of titanium oxide. 

Another method of cyanide productionin the 
electric furnace, which is now receiving trial in 
the United States, has been patented by the 
Ampere Electro - Chemical Company of 
Niagara Falls, in America and Germany. A 
carbide is first formed in the usual manner, 
and this is heated with coarsely powdered 
coke, in order to obtain a porous product on 
cooling. Nitrogen ts then passed through 
the porous mass as it cools, and combination 
between the carbide and gas under these 
conditions is said to occur, barium carbide 
giving the best yield of cyanide. 
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Readman, in English Patent No. 6621 of 
1894, has also described a process for pro- 
ducing ferro-cyanides in the electric furnace, 
which is somewhat similar in principle. In 
this case, a mixture of oxides and carbonates 
of the alkaline earth metals with iron oxide 
was heated with carbon in an electric furnace, 
and nitrogen or generator gas was allowed 
to pass through or over the heated mass. 
This process was exploited by a company in 
Scotland some years ago, but the writer has 
not been able to obtain any trustworthy in- 
formation relating to its present position, and 
the probability is that the works near Edin- 
burgh have not proved a financial success. 

These experiments and researches upon 
the fixation. of atmosphere nitrogen have 
been described in some detail, not on account 
of their present industrial value, but by 
reason of their significance for future genera- 
tions, Át present the nitrogen required by 
the soil for the growth of many crops is 
supplied, not by natural manures, but by the 
two chemicals nitrate of soda (Chili salt- 
petre) and sulphate of ammonia. The 
dependence of modern farmers upon these 
two chemicals is also increasing every year. 
Sir William Crookes, in his Presidential 
Address before the British Association at 
Bristol in 1898, pointed out that this position 
could not continue indefinitely, and that when 
thedeposits of sodium nitrate in South America 
had been exhausted, agriculturists would have 
to find another source for the nitrogen re- 
quired by their crops. Sir William Crookes 
then went on to state that it would be well 
to face this problem before the contingency 
arrived, and referred to experiments by Lord 
Rayleigh and to the possibilities of the 
electric furnace in this connection. It is in- 
teresting to note that his prophetic utterance 
is in course of fulfilment, though as yet the 
industrial success of these new processes is 
not assured. When other sources of nitrogen 
fail, however, there is little doubt that the 
almost inexhaustible supply contained in the 
air will be tapped, and that either the 
electrical processes named above, or some 
modified form of these, will supply the world 
with the nitrates necessary for the sustenance 
and growth of those cereal crops upon which 
the continued existence of the human race 
depends. 


SOME COMMON DEFECTS IN TIMBER AND THEIR 
CAUSES. 


By HAROLD BUSBRIDGE. 


ANY features of wood, which 
are regarded as defects by 
the timber merchant, are the 
necessary result of the life of 
the tree, and hence timber 
could not be grown without 
them. .Such defects may, 

therefore, be termed “ essential," or unavoid- 
able; although these can never be entirely 
eliminated, it is nevertheless possible by 
proper treatment during growth to reduce 
some of them to a minimum. By careful 
selection of the wood from the best parts of 
the log after felling, we may further avoid 
some defects, whilst others may be entirely 
removed. | 

Let us, then, consider first those essential 
parts of a tree which are generally looked 
upon as bleinishes by those who make use of 
timber for structural and other purposes. 

I. The medulla, or pith, forms the axis of 
every tree trunk and of every branch. It is 
formed at the very earliest stage of growth, 
and when very soft, as is sometimes the case 
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—in horse-chestnut and in elder, for instance 
(Fig. т) -it renders the centre of the log 
unsound, so that baulks, deals, or battens 
which contain the centre are defective. 


Pitch ‘pine and inferior yellow deal are 
often found to have soft and defective pith, 
thus reducing their market value to a con- 
siderable extent ; but, as a rule, most timbers 
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can easily be obtained with perfectly sound 
centres. 

2. Most architects’ and engineers’ specifi- 
cations require that timber shall be free from 
sap. Now in every tree the last few, and 
therefore outermost, annual rings formed con- 
sist entirely of sapwood, and it is by means 
of these outer rings that the branches, leaves, 
and fruit are supplied with nourishment from 
the soil upon which the tree grows. The 
only way, therefore, to obtain wood free from 
sap is to cut away all the outer rings which 
form the sapwood. It is well known that in 
nearly all timbers the sapwood, or “‘alburnum,” 
is softer, contains more moisture, shrinks 
more, is less durable, and is more liable to 
the attacks of parasitic plants and insects 
than the “duramen ” or heartwood. Fortu- 
nately, sapwood can generally be easily 
recognised by its lighter colour (see Fig. 2) ; 
whilst in the case of yellow deal and other 
coniferous timber, it is often stained of a blue 
or greenish colour by the water in which it is 
floated down to the port of shipment. Large 
and well-matured trees always have a smaller 
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proportion of sap than young trees; hence it 
is always best to select for felling only those 
trees which have reached maturity. In dark- 
coloured woods the sapwood is often very 
light in colour. Thus the sapwood of ebony 
is nearly white ; and of cocus-wood, of which 
the heartwood is very dark brown, the sap- 
wood is pale yellow (Fig. 2). 

3. Knots are always regarded as trouble- 
some, especially by those who have to work 
the material; and when the grain of the 
wood is exposed to view in the finished work, 


they are considered to be serious defects if 


either large or numerous. 

When it is remembered that they really 
mark the origins of branches, it will at 
once be understood that to have wood 
free from knots, it will be necessary to grow 
trees with stems free from branches. This, 
of course, is much easier to do in some 
kinds of wood than in others. When trees 
are grown close together in plantations, they 
tend to run straight up to a considerable 
height before throwing out branches, and 
hence their wood is more free from knots 
than that of similar trees grown in the open. 
In other cases, the stems may be kept free 
from large knots by lopping off, when quite 
young, all branches and shoots, until. the 
head of the trunk is reached, where the 
principal branches separate. 

Naturally the top ends of all logs are apt 
to have largcz and more numerous knots than 
the buttends. To get the best and straightest- 
grained timber, therefore, one always prefers 
the butt to the top end. 

In most, if not all, coniferous timber, the 
knots run right to the centre of the main 
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Fic. 4.—DEAD KNOT. 


stem ; and in some cases, such as in yellow 
deal (Pinus Sylvestris), the knots occur in 
regular groups of about five, at intervals 
throughout the length of the stem. These 
groups are termed “nodes,” and often give a 
ready means of distinguishing the timber 
from other kinds, by the regular groups of 
knots which appear on the face of a board or 
plank cut from such a tree. Fig. 3 gives a 
cross section with a typical group of knots as 
they occur in yellow deal. 

In dealing with boards and planks cut 
from coniferous trees, one often meets with 
what are known as “ dead" or “ loose” knots. 
Such knots are not firmly united to the ad- 
joining wood, but are often surrounded by a 
ring of dead bark, and can easily be separated 
—in fact, they often drop out of their own 
accord. They are caused by the branch. 
they represent dying, or having been broken 
off, whilst the parent stem was still growing. 
Part of the old branch thus becomes em- 
bedded in the new wood, and having no 
vitality, the knot shrinks, and thus becomes 
loose. Fig. 4 represents a dead knot occur- 
ring in a piece of American yellow pine. 

A second group of defects met with in 
timber includes those which are not essential 
parts of a healthy tree, but are formed by 
mishap or accident during its growth. They 
are always developed before the tree is felled, 
and may be regarded as either wholly or 
partially avoidable, if proper attention is paid 
to the growing tree. 

Of this class, perhaps, the several kinds of 
* shake" should receive our first attention ; 
not only because they are frequently met 
with in the ordinary timber of commerce, 
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but because, more than almost any other 
defect, they ruin the material in which 
they occur. 

Heartshake (Fig. 5), for instance, is met 
with in nearly every species of timber, 
although certain kinds, such as Indian teak 
and pitch pine, are more liable to it than most 
other woods. This defect 1s common to 
dicotyledonous trees as well as to the conifers, 
and it appears in trees grown in all kinds of 
soil and in many different climates. 

When found, it seems to be an indication 
of incipient decay consequent upon old 
age. It generally consists of a single crack 
extending across the centre of the tree and 
diminishing in width towards the circum- 
ference. 


SHOWING STAR SHAKE 


Fic. 6.—STARSHAKE (ASH, Fraxinus excelsior). 


Sometimes two such cracks cross each 
other nearly at right angles, but in all cases 
the defect may be distinguished from side 
shake by the cleft being widest at the pith or 
centre. If the grain of the tree is pretty 
straight, and the clefts not very extensive, 
this defect does not injure the timber seriously, 
since by causing the saw cuts to follow the 
direction of the shake, fairly sound boards or 
scantling may be obtained. The worst form 
of the defect happens when the grain of the 
tree is twisted, as in Fig. 12, so that, perhaps, 
a single cleft may twist through 9o" in the 
length of the log. In such a case it is prac- 
tically impossible to obtain from the tree a 
single wide board entirely free from shake. 

И, instead of one or two, we find several 
sbakes radiating from the centre, as in Fig. 6, 
we have what is termed a “ starshake." 

This may be regarded as an aggravated 
and more extended form of the fault last 
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FIG. 7. 
DECAYED HEART (ASH, Fràùxinus excelsior). 


described, and is found in trees of all ages 
and conditions of growth. In extreme cases, 
the clefts reach almost or quite to the circum- 
ference of the log, and sometimes they are so 
numerous and so extensive as to render the 
log quite unfit for conversion into smaller 
scantling or into boards. Heartshake and 
starshake generally indicate that decay has set 
in, owing to air and moisture having gained 
access to the centre of the tree. This may 
happen after the loss either of a branch or a 
root, if the wound is not properly protected. 

When once oxygen gains access to wood 
in a moist condition, oxidation of the wood 
substance sets in, and the inevitable shrinkage 
which follows chemical decomposition sufh- 
ciently accounts for the appearance of the 
clefts. 

Closely related to the defects last considered 
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are the decayed hearts (Fig. 7), of which 
numerous examples must be familiar to 
all those having any acquaintance with 
our parks and woods. 

Sometimes logs are found in which heart- 
shake and starshake are accompanied by 
partial decay starting from the pith; and 
since it is almost impossible to arrest decay 
when once begun, the originally sound tree 
is certain to develop into a hollow one. 

The .sap necessary to the life of the tree 
flows exclusively through the alburnum or 
sapwood, and hence the whole of the heart- 
wood may decay without seriously impairing 
the vitality of the tree. When decay has 
advanced so far that most of the heartwood 
is affected, the tree may be regarded as 
practically worthless for constructive purposes, 
except perhaps in the case of common elm, 
of which the sapwood is said to be as durable 
as its heartwood. 

The defect known as cupshake, ringshake, 
or shellshake (Fig. 8) is of a different nature, 
and is frequently met with in many kinds 
of wood. It consists in a partial or entire 
separation of two consecutive annual rings, 
and appears on a cross section as one or 
more splits running concentrically around 
the log. 

Sometimes such shakes jump radially across 
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several rings, and continue their course in a 
wider circle. This defect occurs in perfectly 
sound and healthy looking trees, and is 
frequently met with in yellow deal from 
Archangel and elsewhere ; also in Virginian 
pitch pine, and in lignum vite from San 
Domingo. 

Opinions differ as to its cause, some at- 
tributing it to forest fires scorching the base 


of the tree, and so preventing the perfect 
cohesion of the next-formed annual ring ; 
whilst others consider that severe frosts have 
a similar effect. Possibly, too, the effect of 
high winds upon tall soft-wood trees, in 
bending them, may cause the shearing stresses 
induced between the annual rings to produce 
ruptures which appear in the timber as already 
described. 

An “ upset, 


” 


or, as it may be termed, а 
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“ transverse shake” (Fig. 9) is much more 
rarely met with, and, so far as I know, is 
found exclusively in foreign hard-voods, 
grown chiefly in tropical or sub-tropical 
climates. It consists of a complete severance 
of the longitudinal fibres of the tree in cer- 
tain spots; but, as a rule, the defect is not 
very extensive. Mahogany and teak are 
often affected by it, and boards containing 
such upsets will break off suddenly without 
warning. I have heard workmen attribute 
this defect to the effects of lightning; but 
this, to me, seems very improbable. A much 
more reasonable explanation is that such 
trees, during their lifetime, have been exposed 
to severe hurricanes, which, although of in- 
sufficient power to uproot the tree, have 
nevertheless succeeded in permanently in- 
juring the trunk by partially severing the 
fibres, either by tension on tlfe windward 
side, or crushing by compression on the 
leeward side. 

After the gale, the tree has had sufficient 
vitality to continue its growth, and so enfold 
its crippled stem in a new sheath of sound 
wood. 

Fig. то represents decayed or ''druxy" 
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Some Common Defects in Timber, and Their Causes 
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knots. Sometimes such knots are met with 
embedded in fairly sound wood, but in most 
cases, the effects of the decay run far down 
into the parent stem, whilst sometimes a tree 
may be quite ruined by one. In fact, heart- 
shake, starshake, and decayed heart often 
owe their origin to a decayed knot. 

When a branch is severed from the parent 
stem the wound is gradually covered by 
successive annual rings of wood from the 
trunk, each overlapping the last formed ring, 
until the wound is healed. Several years 
must, therefore, elapse before the wound left 
by the removal of even a small branch can 
be covered over by new wood, more time 
being required in proportion to the size of 
the wound. During this time decay may set 
in over the exposed surface, by the action of 
moist air alone ; but it is more often hastened 
by the attacks of parasitic insects, by fungi, 
and by bacteria. 

When this happens the knot, instead of 
remaining sound, becomes “ druxy,’ and 
often the wood around it is completely 
spoiled.. 

A “rind gall” (Fig. 11) owes its origin to 
the partial removal of bark from the trunk of 
a growing tree. This may b? due to wilful 
mischief on the part of boys or others, or to 
the action of certain animals in rubbing their 
horns or gnawing off the bark with their teeth. 

Since deposits of new wood can be formed 
only beneath the protective bark, all growth 
ceases over those areas which have been 


169 


denuded of bark. Nature, however, imme- 
diately sets to work to repair the damage. 
The next formed annual ring overlaps the 
edge of the wound on all sides, so as to re- 
duce its area. The succeeding ring overlaps 
the last still further, and so on, until after a 
certain number of years the bared trunk is 
completely covered with new wood, all 
enclosed within a protective envelope of bark. 
Of course the success of Nature's effort, from 
the practical man’s point of view, depends on 
whether or not decay has set in before the 
wound has been covered with new wood. 
In the former case, the wood remains 
sound, and no injury results to the timber, 
whilst in the latter case the damage may 
be serious. 

Many trees have their vertical elements 
arranged in a slightly spiral direction, instead 
of growing parallel to the axis of the trunk. 
The cause of this peculiarity does not seem 
to be fully known, although several theories 
have been advanced to account for it. It 
has been thought that when a tree is not 
equally exposed to sunlight on all sides, it 
may rotate upon its axis in an effort to give 
its sheltered sides more sun, thus producing a 
twisted grain. Another theory is that the pre- 
vailing winds, acting upon any exceptionally 
large branch, exercise a turning effect upon 
the trunk, the result being the twisted grain 
already remarked. Boards and planks cut 
from such trees prove unusually troublesome 
to the builder, since they not only contain a 
great deal of “cross grain,” but in seasoning 
the grain is very apt to untwist, thus giving 
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rise to excessive waste in the operation of 
trung up. Not only so, but anv shakes 
which mav occur, as in the pole shown in 
Fig. 12, follow the direction of the grain, and 
often ruin the whole log. The warped doors 
and framing so frequently noticed in buildings 
may generally be traced to timber affected 
with this defect. The drawing board shown 
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on the left-hand side of Fig. 12 affords a case 
IS point. 

Sometreeshave grownfromsaplingsof which 
thestems were originally very crooked. They 
tend to straighten themselves with advancing 
age, by adding more wood on the concave 
sides of the bends, so that ultimately a fairly 
straight trunk may be produced. Boards and 
planks cut from such trees sometimes exhibit 
the defect known as “ wandering heart." 
They contain a large amount of cross-grain, 
besides which, in seasoning, they warp very 
unequally, and sometimes curve in opposite 
directions in different parts of their length. 
The reason for this will be apparent when 
. it is remembered that a plank cut from the 
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centre of the log may have the pith consider- 
ably below its surface in some places, whilst 
in others it would be considerably above it. 
This defect is most often: met with, and 15 
most troublesome, in English oak, elm and 
other hardwoods which have an irregular 
habit of growth. 

One other defect known as “ inbark” 
(Fig. 13) may be referred to. It is caused 
by the inclusion of portions of the external 
bark within sound wood. 

It often occurs where branches separate 
from the trunk, and is caused by their growing 
together in the hollow of the fork. Some 
trees are more liable to this defect than 
others, and it proves especially troublesome 
in some of the fancy hardwoods, such as 
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burr walnut, employed by the cabinet-maker, 
in which a small piece of dead bark may spoil 
an otherwise valuable log. Generally speak- 
ing, in timbers used constructively it is 
seldom found to any serious extent. 

The defects which originate after timber 
has been felled must be dealt with in another 
article. 


Lantern Slides of Figs. 1, 2, 3, 4, 8, 9, 10, 11, 12, can be obtained from Messrs. Newton & Co. 
The author ts indebted to the Dir-ctor of the Natural History Museum, South 
Kensington, for permission to photograph the remaining sections. 


MORTARS AND CEMENTS. 
By BRYSSON CUNNINGHAM, B.E., Assoc. M.Inst.C.E. 


ORTAR is one of the most 
familiar апа important. sub- 
stances in the domain of 
technical science. It has a 
history dating back to remote 
ages, possibly to pre-historic 
times. Probably the earliest 

mention of it is in Sacred Writ, in connection 
with the building of the Tower of Babel. It 
must obviously, however, have been known 
and in existence for some time prior to the 
date of that renowned instance of engineering 
enterprise. | 

It is a substance commonplace enough, 
compounded of common materials—lime, 
sand and water; yet, in the eyes of the 
chemist, it is dignified by the wonderful meta- 
morphoses which it undergoes throughout 
the various stages of its manufacture— subtle, 
mysterious, inexplicable almost. Further- 
more, its utility is unquestionable and far- 
reaching. The builder, the architect and 
the civil engineer would be at a loss to 
replace the services which it renders to 
them. Cathedrals and bridges, factories, 
dwelling-houses and public buildings alike, 
owe their very existence to its invaluable 
qualities. 

Technically, mortars are divided into two 
varieties : one in which pure lime forms the 
cohesive agency, and the other in which an 
argillo-calcareous compound is substituted for 
pure lime. There is a marked difference in 
their respective properties, and though one 
or two intermediate gradations containing 
varying proportions of both ingredients have 
caused some slight confusion of nomenclature, 
yet it may be said that, broadly speaking, the 
former variety is mortar in the ordinary 
acceptation of the term, while the latter 15 
distinguishable as cement mortar. 

By far the most important constituent of 
mortar is lime, a substance known to the 
chemistas protoxide ofcalcium (СаО). 
It occurs most commonly in nature 
in conjunction with a gas, carbonic 
acid or carbon dioxide (CO,), the 
two forming carbonate of calcium 
(CaCO,) or limestone. When car- 
bonate of calcium is ignited at a 
white heat, it loses its carbon 
dioxide, which passes off in the 


VOLUME OF 
SLAKED LIME 
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In chemical symbols, the change may be 
expressed thus : 


res Е Protoxide of ,. ET 
Calcium Carbonate. ЧЕНЕ Carbon Dioxide. 
Calcium. 


CaCO, = CaO + CO, 


The operation of calcination, or burning, 
causes the limestone to lose a considerable 
portion of its weight. One hundred parts of 
carbonate of calcium will only produce fifty- 
six parts of the protoxide. This is due, of 
course, to the loss of the gas. Becoming 
porous, the lime undergoes practically no 
diminution in volume. 

Quicklime is a pure white, or very light 
brown substance, somewhat friable and in- 
cohesive. It possesses a great avidity for 
water. If this last be added freely, the lime 
expands and decrepitates into a fine powder, 
giving off great heat during the process, and 
ultimately developing, with the aid of sufficient 
water, into a paste of the consistency of soft 
butter. In this condition it is known as 
calcic hydrate or, in common parlance, slaked 
lime. The chemical equation is 


Calcic oxide. Water. Calcic Hydrate. 


CaO + HO = CaH,O, 


The quantity of water absorbed during the 
slaking process 1s about one-third of the 
volume of quicklime, some of the water being 
evaporated at the high temperature (150° C.) 
which is developed. An additional and 
equal quantity of water is required to reduce 
the lime to the state of pulp in which it is 
used. ‘The volume of calcic hydrate in the 
form of powder is some three times as great 
as the volume of the original carbonate from 
which it was produced. Fig. 1 illustrates 
this change of bulk graphically. 

The calcic hydrate has characteristics which 
are quite the reverse of those possessed by 
the oxide: it has lost its affinity for water and 


regained an affinity for carbonic acid gas. 


This striking metamorphosis results 
in its becoming a most valuable 
agency in building construction. 
The hydrate re-absorbs from the 
atmosphere some of the carbonic 
acid gas which it had previously 
lost, and, in so doing, parts with 
its water. This development is 
called setting, and is quite dis- 


gaseous form, leaving protoxide {Е UE tinct. from mere drying, or the 
of calcium, or caustic lime, oviegr axyp evaporation of moisture. Were 
commonly known as quicklime. — srtakEep Lime. the action. perfectly ecient, it is 
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obvious that the carbonate would once 
more be created, and the cvcle of operations 
would be complete. But this 1s not the case ; 
though the process of absorption is fairly 
quick and well marked at first, later it falls 
off in intensity, and the full equivalent 15 
never realised. [n fact, pure calcic hydrate 
is but indifferently situated for accomplishing 
the ideal task. ‘The material is not sutti- 
ciently porous to allow the carbon dioxide to 
penetrate into the heart of its mass, and the 
consequence is that a crust is formed on the 
outside, effectually cutting off the remainder 
from contact with the atmosphere. Quick- 
lime may thus be left for a very long period 
without any perceptible hardening of its 
internal particles. 

Another characteristic of quicklime is its 
shrinkage or diminution in volume. Some 
such tendency is manifestly to be expected 
after its previous expansion. The contraction 
is very marked, taking place to the extent of 
40 Or 50 per cent. 

These two features —imperfect setting and 
shrinkage—constitute grave disadvantages to 
the general employment of pure lime for 
structural operations, especially if exposed to 
atmospheric influence. ‘The use for external 
work, of mortar made from lime, though not 
uncommon, is greatly to be deprecated. 
Owing to its inherent weakness, it should be 
confined to internal situations, and used for 
decorative and ornamental purposes only. 

To some slight extent, а corrective of the 
evils above mentioned is found in sand. 
Mixed with slaked lime in varying propor- 
tions, its porosity enables the carbonic acid 
gas to penetrate further into the mass ; and its 
own unalterability reduces the proportion of 
shrinkage, while at the same time an economy 
in cost is effected. Furthermore, it improves 
the properties of the lime, since it 1s found 
that there is greater adhesion between the 
sand and the lime than there is cohesion in 
the lime. 

Sand for mortar-making purposes should 


be essentially clean, sharp, and not too fine. - 


Admixture with particles of earth, loam, clay, 
or other foreign matter, in any shape or 
form, is harmful. If the sand has been in 
contact with such impurities, it should be 
washed—that is, sifted into running water 
and afterwards allowed to settle. Too much 
importance cannot be attached to cleanliness. 
Unless the sand be pure, the mortar will be 
weak and untrustworthy. Оп this account, 
mortar for building purposes is placed out of 
contact with the ground on a “ banker," or 
floor of wooden deals laid temporarily, or in 
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a tub, or upon some suitably prepared 
surface. 

Sand is obtained from three sources— from 
pits, river banks, апа seashores-- but pit sand 
is preferable to both seashore and river sand. 
The grains in the first are sharp and angular ; 
in the other two cases, they are more or less 
rounded by attrition. Sea sand, moreover, 
has the serious drawback of being impregnated 
with salt; this renders it hygroscopic, and 
mortar made from it is always damp. In 
most cases there results an unsightly floury 
etHorescence upon the walls and other parts 
of a building in which it is used. Moreover, 
dampness retards the setting of pure slaked 
lime. 

Whatever kind. of sand be used, the incor- 
poration of the two materials should be as 
thorough and intimate as possible. Every 
facet of the sand grains should be covered by 
a film of lime, and this can only be effected 
by prolonged manipulation. Hand mixing 
may suffice in certain instances where strength 
is not an essential matter, but the use of a 
mortar mill is infinitely to be preferred. The 
ingredients should be put into the pan in the 
form of slurry,and passed under the heavy 
revolving wheels for a period of from 20 to 
30 minutes. Care must be taken neither to 
underdo nor overdo the process. Excessive 
grinding will cause too great comminution of 
the particles. 

Thus far we have practically only dealt 
with lime which is chemically pure, or “ fat" 
lime, as it is termed by the builder. Such 
lime is produced from chalk, marble, and 
other pure carbonates of calcium. But there 
are many limestones in existence which yield 
a lime combined, in greater or less degree, 
With other ingredients. Sometimes these 
ingredients are of a negative character, such 
as silica in the form of sand, flinty particles, 
and grains of quartz. They do not, in them- 
selves, affect or modify the slaking action, 
though they are impurities in the sense that 
they lower the strength of the lime by 
reducing its capacity for admixture with 
extraneous sand. Hence, the builder regards 
these limes as inferior substances, and dubs 
them * poor" limes. Оп the other hand, 
there are ingredients exerting a powerful 
constitutional influence, and the most remark- 
able of these is clay, which confers upon lime 
the valuable property of hydraulicity, or of 
hardening under water. — Such clay-lime 
compounds form the class of hydraulic limes 
and cements. 

Clay is a hydrated silicate of alumina —in 
simpler terms, a combination of silica, 
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alumina and water; to produce hydraulicity, 
it must be in chemical combination, and 
not merely in a state of mechanical mixture 
with the lime. When this condition is ful- 
filled, the circumstances of calcination and 
hydration are very materially altered. In the 
former operation, not only is the carbonic 
acid expelled and calcic oxide formed, but 
calcic silicates and calcic aluminates are also 
produced, and according to the predominance 
of these latter constituents, the visible effects 
of slaking become less and less pronounced, 
disappearing altogether when no free lime is 
left. Upto this point, the lime 15 classified 
as more or less an hydraulic lime ; beyond it, 
the lime becomes a cement. 

Much, however, depends on the intensity 
of calcination. — Limestones containing a 
large proportion of iron, potash, and soda, 
cannot be burned at a high temperature 
without incurring the risk of becoming an 
inert mass from fusion ; whereas when the 
proportion of these ingredients is small, the 
temperature may be considerably raised 
with safety. Now the calcic silicates are 
formed at a comparatively low temperature 
and the aluminates at a comparatively high 
one. If, then, a limestone is of such a 
nature as to be susceptible of fusion, it can 
only be burnt at a moderate temperature ; and 
in order to form a cement, it must contain a 
sufficiency of clay to provide the silica 
necessary to combine with all the lime: this 
is the basis of Roman cement. When, how- 
ever, the temperature may be raised to a 
higher degree, a smaller proportion of clay 
will suffice, the excess of free lime from the 
first stage being absorbed in the succeeding 
aluminate compounds formed towards the 
close of the operation, and this is the con- 
stitution of Portland cement.* — Roman 
cement nodules contain from 30 to 50 per 
cent. of clay ; Portland cement clinker from 
20 to 30 per cent. In each case, the ideal 
cement is that which is produced from quan- 
tities so balanced that there is neither excess 
of lime nor excess of clay for the particular 
system of calcination employed. 

Cements containing a large proportion of 
clay set with considerable rapidity, but attain 
no great hardness. Those in which the 
percentage of clay is small set much more 
slowly, but are noted for their enormous 


* The researches of Le Chatelier have demon- 
strated the fact that tricalcic silicate (3 CaO SiQ,) is 
the constituent to which the hardening of Portland 
cement is essentially due, while all the calcic alum- 
inates (of which there are three) contribute towards 
rapidity of setting. 


ultimate strength. Both classes set better 
under water than in air. 

Having briefly reviewed the chemical and 
theoretical aspect of the subject, it is desirable 
that we should now devote some attention to 
the adaptation of mortars and cements to 
practical ends. 

Sand is generally added to chalk or fat 
lime in the proportion of three to one by 
volume. Theoretically, the best proportion 
would be that which made the cementing 
agency just as strong as the cemented 
material. In the case of fat lime, however, 
the strength of the strongest mortar which can 
be made 1s insignificant in comparison with 
the strength of brick or stone, and it matters 
comparatively little what proportion of sand 
is used. In fact, the larger the quantity of 
sand, the greater the porosity of the com- 
bination, with its attendant advantages. 
With the proportion stated above, the resist- 
ance to crushing will be perhaps s% that of a 
brick. If the unit be the cubic foot, about ` 
eight gallons of water will be required to be 
added, and the result will be slightly over 
3 cubic feet of mortar. ‘These quantities, 
however, are merely approximate, and much 
will depend on the freshness of the lime and 
the coarseness of the sand. 

With hydraulic lime, a smaller proportion 
of sand is desirable : say two parts of sand 
to one of lime. About the same quantity of 
water will be required, but the resulting 
volume of mortar will be rather less. 

A very valuable substitute for sand in 
mortar-making is to be found in ground 
ashes, when these are  obtainable. An 
excellent proportion is 3£ parts of hydraulic 
lime to 5: parts of ashes. Mortar made in 
this way gives exceedingly high results in the 
testing machine, as is evidenced in diagram 
Fig. 2. Noticeable also is the difference in 
the results, when the mortar is allowed to set 
under water and in air. In Fig.3, the 
strength of the ash-mortar has not reached 
the value attained in Fig. 2, but it is con- 
siderably in excess of the standard set by the 
mortar in which one part of the ashes has 
been replaced by sand. 

Though there are many varieties of cement 
on the market, the use of none is so universal 
as is the case with Portland cement. The 
manufacture of this commodity has attained 
extraordinary dimensions since the time when 
it was first discovered by Joseph Aspdin, a 
Leeds bricklayer, in 1824. [t is a most 
valuable invention, and it fully deserves its 
world-wide reputation, As made at the 
present day, it results from an artificial 
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Ес. 2. — CURVES SHOWING RESISTANCE TO 
CRUSHING OF ASH-MORTAR, WHEN ALLOWED TO 
SET UNDER WATER AND IN AIR. 


mixture of clay and lime in suitable propor- 
tions, either by means of the wet process, 
using chalk and clay and uniting them in 
water until they form a slurry of the con- 
sistency of cream, which is allowed to solidify ; 
or by grinding limestone and shale to a fine 
powder and moistening: both processes 
being completed by burning the product in 
a kiln. 

The average chemical composition of 
sound Portland cement, in round figures, is 
somewhat as follows : 


Per cent. 
Lime . . . . . . . . бо 
Silica а. аа ы &. & О 
Alumina and oxide of iron . . то 


Magnesia, sulphur, alkalies, с. 75 


soluble residue, and moisture 


Of the last group, the insoluble residue 
should not exceed т: per cent., the magnesia 
3 per cent., and the sulphur, in the form of 
sulphuric anhydride, 24 per cent. Chemical 
analysis in the above form, however, is 
insufficient to determine the efficiency of a 
cement, for it takes no account of the degree 
of calcination, and it fails to distinguish 
between free and combined lime. This 
information, while known to the manufacturer, 
is not readily available to the consumer. 

Accordingly, the engineer and the builder 
have to fall back upon certain physical tests, 
in order to assure themselves on the point. 
Four tests commend themselves more particu- 
larly to practical men: the first and most 
important of these relates to fineness of 
grinding. The reason for this is that the 
coarser particles of a badly ground cement 
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CRUSHING OF MORTAR MADE WITH ASHES, AND 
THAT MADE WITH ASHES AND SAND. 


become hydrated more gradually than the 
finer particles, and, consequently, they are 
liable to expand 27 stfu, to the manifest detri- 
ment of the work. Moreover, fine cement will 
take a higher proportion of sand than coarse 
cement, and yet make a stronger mortar. 
Finally, the coarse particles are denser and 
add needlessly to the cost of carriage. 
Fineness is tested by means of sieves, the 
standard of which has been rising steadily for 
some time past. Several years ago, ten per 
cent. residue on a sieve with 1,600 meshes 
to the square inch, and twenty per cent. residue 
on a 2,500 mesh sieve would not have been 
considered excessive. Nowadays, require- 
ments have risen as high as a residue not 
exceeding three per cent. on a 5,776 mesh 
sieve and 223 per cent. оп a 32,400 mesh 
sieve. The thickness of the wire is an 
important point: it should be one-half the 
size of the opening. ‘The following table is 
based on this ratio :— 


Thickness 
of Wire 


Е 
| 
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It is, perhaps, desirable to point out that a 
finely ground cement may be obtained by 
supplying the mills with soft underburnt 
* clinker," which is inferior to that heavily 
burnt. To prevent this, the weight, or the 
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specific gravity, of the cement is often 
specified. The former, which should lie 
between тто and 115 lbs. per bushel, is not 
a very trustworthy guide, as the heavier 
cements are liable to overliming ; moreover, 
cements decrease in weight as they grow old. 
The specific gravity should be between 371 
and 3'15, but, even here, it is necessary to 
admit that the coarse particles have a higher 
density than the fine and more valuable 
* flour." 

With good Portland cement, mixed neat, 
an average tensile strength of, at least, 
500 lbs. per square inch should be obtained 
at the end of 28 days after mixing—one day 
in air and 27 immersed in water. It is 
usual also to require a minimum average 
strength of доо lbs. at the end of seven days: 
in any case, there should be a gradual 
increase between the two dates, say, not less 
than ro per cent. Testing is usually done 
in batches of six briquettes, and the figures 
given above will apply to the average of 
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STRENGTH OF “NEAT” PORTLAND 
CEMENT, AND CEMENT MIXED WITH 
SAND. 


each Latch: considerable divergency in the 
results of individual samples is a most 
unsatisfactory feature, no matter how high 
the average may stand. It should not fail to 
be noted that the preparation of the specimen 
briquettes exercises considerable influence on 
the results obtained in the testing machine. 
Mechanical ramming materially increases the 
strength; but this is generally discountenanced, 
and the briquette moulds are understood to 
be filled carefully and compactly, without 
air holes, and also without undue pressure. 
Fresh water is used in mixing the paste. 

In Germany, much importance is attached 
to a test in which the cement is mixed with 
standard sand, on the ground that the 
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strength of the cement can 
properly estimated on this basis. Indeed, it 
has been found, that of two samples of 
cement, one finely and the other coarsely 
ground, the finer cement was the weaker of 
the two in the neat condition, but much the 
stronger in combination with sand. The 
test has latterly been introduced into this 
country with gradually increasing approval. . 
The only difficulty is to obtain a sand of 
rigid uniformity. The criterion usualy 
adopted is passage through a доо mesh sieve 
and retention by a доо mesh sieve. There is 
a sand found in the neighbourhood of 
Leighton Buzzard which satisfactorily answers 
the purpose, and it is generally specified. A 
briquette made with three parts of such sand 
to one part of cement should exhibit a tensile 
strength of, at least, 120 to 150 lbs. per 
square inch at the end of a week, with a 
regular increase to 250 lbs. at the end of a 
month. Оп the whole, the compressive 
strength of Portland cement closely approvi- 
mates to ten times the tensile strength. 

The third test of cement is in regard to 
time and duration of setting. Slowness in 
setting is generally indicative of strength. A 
quick-setting cement possibly contains an 
excess of clay, or some free linie, but fineness 
of grinding has an appreciable effect in 
accelerating the setting action. Setting 15 
commonly gauged by a Vicat needle, weighing 
21 lbs., having a flat end, in some cases ү; 
inch and in others эу inch square. Failure 
of the needle to make any perceptible im- 
pression by its own weight upon the surface 
of the cement marks the official close of 
setting, which is generally specified. to lie 
within five hours after mixing. Various 
foreign. substances have been utilised to 
influence the rate of setting. Calcium 
sulphate, or gypsum, added to the cement 
during manufacture, retards the setting action, 
but any excess over 2 per cent. is harmful. 
Common soda accelerates hardening, but it 
weakens the cement, temporarily at any rate, 
as is evident from the diagram in Fig. 5. 
Bicarbonate of soda, on the other hand, 
retards the action considerably, as also do 
sugar, glycerine and salt, slightly. 

No unimportant test is the last one on the 
list. If a cement fails to pass an examination 
for soundness, its other qualities cannot save 
it from rejection. A simple. pat made of 
cement paste, say } inch thick at the centre 
and as thin as possible at the edges, should 
exhibit no sign of cracking, blowing or 
expansion after 24 hours exposure to air or 
immersion in still water. Figs. 6 and 7 


only be 


measured and noted. The mould 
is replaced in cold water, which is 
raised to boiling point and main- 
tained at that temperature for six 
hours. After being allowed to 


OA ETT T O cool down, the distance between 
NT d DO a RENS a the pointer ends is again observed : 
ee! кайн ende 


any increase indicates expansion. 
'The usual dimensions are : diameter 
of cylinder, 1°18 in.; length of arm 
from centre of cylinder to point, 
6% in.; maximum expansion per- 
missible, o* 4 in. 

Space will not permit of any 
lengthy consideration of the quali- 
tics of Roman cement. It is a 

_natural product much inferior to 


WEEKS Portland cement, and possessing 
Fic. 5.—CurvES SHOWING THE EFFECT ON THE StrENGTH Only one-third of the strength of 
OF CEMENT DUE TO THE ADDITION OF SODA. the latter. It 1s most appreciated 


in situations where rapid setting is 
contrast the appearance of. two pats after this — essential, and no great strength is gy- -a 
test : the one sound and the other unsound. required. ‘The cement contains 
Another method is to use the Le Chatelier a large proportion of clay (30 to 
apparatus (Fig. 8) It consists of a small 45 per cent.) and is burnt at a 
split cylinder of spring brass, having two long low temperature, losing thereby 
nearly one-third of its weight. 
Ten bushels of unburned stone 
will produce about eleven bushels 
of cement, weighing from 70 to 
75 lbs. per bushel; in good 
cement, the higher limit should 
not be exceeded. Some five 
gallons of water per bushel are 
required for mixing, and the neat 
paste will set within ten or fifteen 
minutes after mixing. ‘The 
average strength of sound 
briquettes is 100 lbs. per square 
inch at the end of seven days, 
and r50 lbs. per square inch 
at the end of a month. If 
mixed with sand, in a ratio 
which should never exceed 14 
parts of sand to r part of 
cement, the setting time is 
slightly prolonged and the ulti- 


Fic. 6.—APPEARANCE OF SOUND 
CEMENT. 
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Ес. 7.—APPEARANCE ОЕ UNSOUND mate strength greatly decreased. 
CEMENT, On account of its rapidity of 


action, Roman cement mortar CYLINOER 


pointer arms. ‘The mould is placed on a should only be mixed in small 
glass plate and filled with cement paste. A quantities and used promptly. 
piece of glass is then placed on top and There are many proprietary Fic. 8.—L& 
weighted, the whole being immersed in water cements on the market : any con- о 
for 24 hours. At the end of the time, the sideration of these, however, B c 
distance between the pointer ends a—a is must be deferred for the present. APPARATUS. 


COTTON GINS. 


By Wm. SCOTT TAGGART, M.I.Mech.E., Author of ** Cotton Spinning." 


RA HE operation of strip- 
ping the fibres of 
cotton from the 
sceds was doubtless 
at first performed 
by hand. This must 
have been a very 
slow апа tedious 
process, and no 
doubt prevented the 
extensive use of cot- 

ыта ton for some con- 
siderable period after other fibres had become 
thoroughly established as articles of common 
use. A cotton-pod contains a large number 
of seeds, and each seed is surrounded by 
innumerable fibres growing from its skin or 
outer covering. The detachment of the 
fibres from the seed presents a problem which 
had to be solved before cotton could be used 
to any extent for textile purposes. 

The earliest gin of which we have any 
record is the one known as the foot-roller 
gin. It consists essentially of a slab of stone 
or wood, and a roller. The cotton from the 
plant was placed on the slab, Fig. r, and the 
roiler pressed to and fro by means of the feet 
of the attendant. "This action. squeezed the 
seeds away from the fibres; and by this very 
crude method cotton was obtained, which 
could be spun and woven into excellent 
materials. In the outlying districts of India 
large quantities of cotton, for local use, are 
still ginned by this primitive method, the 


Fic. 1.—FOOT-ROLLER GIN, 


production being from four to six pounds of 
clean cotton per day from each labourer. 
The next advance was made by the intro- 
duction of the Churka gin. The same 
principle was used as in the foot-roller gin. 
Two rollers were supported in a framework, 


the top small one, of iron, being revolved at 
a higher speed than the large lower one. 
The fibres of cotton were carried through. 
between the rollers, and the seeds left behind. 
Six to ten pounds of clean cotton could be 
obtained in this way per day. Large 
numbers of these machines are still used 
to-day in India and China, by villagers in 


out-of-the-way districts. 


When cotton came to be used on a large 
scale in other countries than the East, the 
necessity for large productions to meet the 
demands gave rise to rapid developments in 
the cotton gin. Progress came from the side 
of those who wanted the cotton rather than 
from the growers; so that gins, as we know 
them to-day, date from the rise of the cotton 
industry in England and America. 

Among many attempts made, the machine 
invented by Macarthy has stood the test of 
time ; and at the present moment the greater 
part of the cotton crop of the world, outside 
America, is ginned by machines known by 
his name. 

A section of the Macarthy gin is given in 
Fig. 3. A leather-covered roller, A, revolves 
as shown. Pressing against the roller is a steel 
blade B with a knife edge ; springs C keep the 
blade pressed uniformly against the full length 
of the roller. ‘The seed cotton 15 fed along 
the table and into the hopper receptacle. 
The fibres come into contact with the rough 
surface of the leather roller, and are rapidly 
drawn between the steel knife and the roller, 


Ес. 2. —CHvRKA GIN, 


the seeds being left sticking to the edge of 

the blade. A vertical moving blunt blade of 

steel F is given an upward and downward 

motion bv the crank К, and the blade F is 

guided in the right direction by the radial 

arm G towhich it is attached. The action 
2А 
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of F is to give a very rapid series of taps to 
the seeds adhering to the doctor knife B, and 
to so cause them to fall away through the grid 
T cn to the floor. To give some idea of 
the speeds at which the machine works, it 
may be mentioned that the leather roller runs 
at 150 r.p.m., and the beater knife F strikes 
the seeds at the rate of 8oo r.p.m. The 
‘production of the machine is over 50 lbs. of 
clean cotton per hour. 

A double form of the Macarthy gin 15 made, 
whereby a better balancing of moving parts 
is obtained, as well as a greatly increased 
production with smaller speeds. The 


UT 
single machine is always used for good M 


long - tapled cotton such as Egyptian, Sea P 
Island, etc.; whilst the double action gin |. 
is chiefly used for Indian woolly seed | 
cottons. 

We now come to another type of 
machine called the saw-gin. The advent 
of this machine is often said to mark 
the advent of America's commercial 
progress. Eli Whitney was the inventor, 
and his first machine was brought out in 179r. 
Previous to this year only very small quanti- 
ties of cotton came to England from America, 
and that which came was always long-stapled 
Sea Islands. Uplards cotton was practically 
unknown before the days of the saw-gin. 
The short fibres were so difficult to detach 
from the seeds, that only about a pound of 
cleaned cotton could be obtained per day 
from an operator. The Churka gin was used 
in America before the saw-gin was invented, 
but only the long-stapled Sea Islands cotton 
could be cleaned on it. 

'To illustrate the importance of the saw-gin, 
it may be remarked that eight bags of cotton 
arrived in Liverpool in 1784, on board an 
American vessel, and were seized by the 
custom house authorities, because it was not 
credited that the fibre was American cotton. 
In 1787 one hundred and eight bags were 
imported, all Sea Islands. ‘Two years after 
the saw-gin was started the cotton crop of 
America rose to five million pounds, and has 
grown enormously since. Uplands cotton 
in 1791 required two operators to produce 
two pounds of clean cotton per day; whilst 
at present two men, in charge of six machines, 
can produce twenty-four thousand pounds of 
clean cotton per day. 

It is unnecessary to trace the development 
of the saw-gin since Whitney introduced it. 
It will be sufficient for the present purpose 
to give two sketches of it. In the first one, 
Fig. 4, two rows of saws are shown. Between 
each pair of saws is passed a plate or bar C, 


the space between bar and saw being sufficient 
to allow fibres of cotton, but not seeds, to 
pass. Тһе seed cotton is thrown into the 
hopper A, and the saw teeth, revolving at a 
high speed, carry it round and tear the fibres 
from the seeds, leaving the latter behind to 
fall down through the grid E. The brush D 
sweeps the cleaned cotton from the saw teeth 


.and sends it along in the direction of the 


arrow at J. The bars C get choked with 
seeds at times, and when this happens the 
attendant presses the foot lever and lifts the 


SECTION OF SINGLE MACARTHY COTTON GIN 
Fic. 3. 


bars clear of the saws, and so enables them 
to be easily cleaned. 

A more modern form of saw-gin is illus- 
trated in Fig. 5. The seed cotton ‘has been 
considerably opened out before being brought 
to the gin by a machine called a Seed Cotton 
Opener, which will open as much as a ton 
of seed cotton per hour. This opened-up 
seed cotton is dropped on to a travelling 
lattice A, and is carried forward under a 
picker roller B, which throws the cotton into 
a hopper D, and so into what 15 called the 
gin breast. Here the cotton comes into 
contact with the revolving saws F, between 
which are fixed the bars G. (A side view of 
the arrangement of the saws and the bars 15 
shown at the right of Fig. 3.) The fibres of 
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Ес. 4.—THE SAW GIN (OLDER Еокм). 


cotton are torn from the seeds in passing 
through the bars, and the cleaned cotton is 
passed along the passage J, being sometimes 
assisted by a draught from the drum К. The 
fibres are carried round between the drum 
K and a roller L, and from this point are 
delivered into some receptacle for making 
into a bale. | 

Students in England have only the cleaned 
cotton to deal with ; but all practical men in 
responsible positions realise that the ginning 
operation is a very important one from several 
points of view. Badly ginned cotton means 
very dirty cotton ; the skins of the seeds are 
torn off and broken up, and are difficult to 
remove in the subsequent processes in the 
cotton mills, thus entailing additional expense 


and care. The fibres of cotton are also 
damaged and weakened, so that the resulting 
yarn is of an inferior quality. Quality is of 
vital necessity in tue textile trade, so that 
ginning is a factor to be seriously considered. 
The saw-gin is clearly a machine for giving 
a large output at a minimum cost, but it is 
equally clear that quality is sacrificed to 
obtain this. The long-stapled cottons are not 
ginned on this machine ; and, strange to say, 
the greater proportion of the shortest and 
worst cottons are not cleaned on the saw-gin. 
‘These cottons almost invariably pass through 
the Macarthy gin. ‘This latter yin, however, 
will produce only 1,000 lbs. of clean cotton 
per day, whilst a saw-gin will produce 
4,000 lbs. per day; so that it is only a 
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Fic. §.—THE Saw GIN (MODERN FORM). 


question of time for the saw-gin to oust the 
Macarthy gin from the market. Sea Island 
cotton, and to a large extent Egyptian cotton, 
are luxuries; and all operations through 
which they pass are based on this fact. 
Present-day students had better prepare 
themselves for the future by thoroughly 
grasping this problem of ginning, for there 
is no doubt that there are distinct signs of 
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competition and labour conditions compelling 
the adoption of the saw-gins in other than 
the American cotton-fields. In conclusion, 
it may be said that the amount of “ lint" (as 
the cleaned cotton is termed) is usually 
about one-quarter of the seed cotton put in 
at the gin, so that for every ton of seed 
cotton gathered, only боо lbs. reaches the 
spinning mill. 


RECENT GAS AND OIL ENGINE DEVELOPMENTS. 
By THOS. HOLGATE, М.І.С.Е. 


OST of the engines exhibited 
at Earl's Court were of the 
single cylinder horizontal 
type; they showed that de- 
velopment is proceeding 
along the lines (а) of higher 
compression of the charge 

before ignition ; (4) of employing electric 
ignition in lieu of tubular; (c) more convenient 
means of starting; (d) in large engines, of water 
cooling for the exhaust valves. These ad- 
vances in recent years, combined with better 
governing, have brought about considerable 
reduction in the cost of gas for working, and 
increased satisfaction in the uniformity of 
power generation. 

The Simms-Bosch igniter appeared upon 
the majority of the engines, and it is evident 


that the replacement of tube ignition which 
has very largely taken place on the continent 
has now set in for this country. The embodi- 
ment of these several ideas in the “Stockport” 
engine, made by J. E. Н. Andrew & Co., Ltd., 
may be regarded as almost typical of many of 
the well-known makers, whose machines it is 
impossible to describe further. The com- 
pression is тоо to 180 lbs. per square inch, 
according to size of cylinder. "Those of 125 
B.H. P.and upwards have water-cooled exhaust 
valves. The starting 1s done by means of a 
pump, and the ignition by electricity. The 
late starting of the latter 1s effected by hand, 
on trip gear provided. 

The Westinghouse engine was represented 
by drawings and photographs of the various 
combinations of vertical cylinders that they 
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make up to large powers. The starting is 
done by compressed air from a cylinder 
previously charged during the working of 
the engine. The governing is done by 
controlling the quantity of gas and air 
admitted per charge, whilst the ignition by 
electricity is expected to receive an early 
development by the adoption of Sir Oliver 
Lodge's new system. 

The smallest engines using gas, within the 
grounds of Earl’s Court, were the Lowne 
patent atmospheric engines. ‘They are made 
in five sizes, the largest giving one-half horse- 
power, and the smallest one-fortieth of a 
horse-power; they are therefore suitable for 
light work such as a hotair engine would 
usually perform. ‘The power exerted is due 
to a reduction of pressure caused by cooling 
the products of combustion of gas or oil, 
when they come in contact with the walls of 
the water-jacketed cylinder. The utilisation 
of vacuum was effected for part of the power 
in the Otto and Langen or flying piston 
engine, but in the * Lowne" the whole of 
the power is obtained from that source at a 
pressure of five to six pounds per square inch 
below atmosphere. А No. 2 size, having a 
cylinder of 2 inches diameter, а fly-wheel of 
12 inches diameter, and of 26" x r7" x 17" 
height, width and depth respectively, and 
weighing 32 lbs., as made by Messrs. Hardy 
and Padmore, Ltd., has been tested and 
found to give, at 480 revolutions per minute, 
nearly one-tenth of a horse-power; but at 4oo 
revolutions, a better working speed, the horse- 
power was '076. The consumption of London 
gas was roo cubic feet per B.H.P. 

A gas flame burns at the top of the vertical 
Cylinder, and the piston, for about the first 
half of its stroke, draws the flame and its 
products into the cylinder through a valve 
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which then closes. By the time the piston: 
has completed its outstroke the products N,, 
H,O, and CO, have been cooled sufficiently 
to create a negative pressure of five to six 
pounds per square inch, the condensation 
of the steam conducing to this result. The 
pressure of the atmosphere above that in the 
cylinder expels the products, and the valve is 
again opened and the cycle repeated. It is 
thus seen that the working parts are few—as 
befits a domestic motor—that there is no 
compression or explosion of a charge, and 
only one light is required, although as a pre- 
caution a small bye-pass light is employed in 
case the larger one were sucked out by the 
moving piston. The starting 15 effected by 
turning round the fly-wheel by hand, after the 
gas has been lighted or the oil has been 
burning for five minutes. 

The * Gothic" engine, made for gas or oil, 
is the invention of Mr. Melhuish, and is made 
by Messrs. Thos. Glover and Co., Limited, in 
sizes from 2 to ro B.H.P. The distinctive 
feature is that an impulse is given at each 
complete revolution, or two strokes of the 
piston ; and that this is obtained by the ex- 
haustion of the burnt gases by means of an 
auxiliary or partial vacuum cylinder, in tan- 
dem with the working cylinder. 

It has been proved that in using certain oil 
motors, an increased duty per gallon of oil 
can be effected by the admixture therewith 
of a small percentage of water, and this 
mingling is effected in the “ Gothic" engine 
by the auxiliary piston, which first sucks up 
the oil from a receiver on the outstroke, and 
then on the instroke delivers waste gases and 
water vapour through a small tube in required 
proportion. 

The drawing (Fig. 
following description 


I) wil enable the 
to be understood. 
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Assuming the piston to be at its complete 
instroke and a charge compressed —- in 
the case of oil, to до lbs, and of gas to 
бо lbs. per square inch —this is fired by a hot 
tube placed horizontally under the carburettor. 
The flame heating the igniting tube serves 
also to heat the oil in the carburettor К. 
The explosion expels the piston on its out- 
ward stroke, giving out power as shown by 
the indicator diagram. When it reaches the 
part А any pressure remaining passes out 
through the check valve B (shown in the cross 
section), thus reducing the pressure in the 
cylinder C to that of the atmosphere. The 


continued outward movement then uncovers 


the exhaust port D. During the operation 
thus described the front end of the piston 
creates a partial vacuum in the condenser E. 
As soon, therefore, as the piston F uncovers 
the port D, the products of combustion тє 
maining in C are induced into E and the 
cylinder G. The new charge of air thereupon 
flows into C (to take the place of the waste 
gases), entering by the valve shown opening 
downwards, which is hereinafter explained, is 
also under the control of the governor. On 
the return stroke, the products in the condenser 
E are displaced through the valve H into the 
exhaust pipe I. The lower part of the con- 
denser is preferably covered to a depth of 
half an inch with water; and by the rapid 
expansion and the evaporation of the water 
therein by the products of combustion, the 
portion of these entering the cylinder G is 
comparatively cool. The vacuum created in 
this cylinder is used to lift the oil from the 
container J and deliver same in definite 
quantities to the vaporiser K. This is done 
through the communication of the partial 
vacuum along the pipe L to the vessel M. 
The latter is connected by the pipe N and 
regulating cock О on one side, the lower end 
of the pipe N terminating in a non-return 
valve P. On the other side of the vessel M 
is a delivery valve Q, and a pipe R leading 
into the vaporiser К. Now, at every outstroke 
of the piston the partial vacuum lifts a quan- 
tity of oil (the amount being determined by 
the cock О) into the small cavity S of the 
vessel M, the oil being visible as it feeds 
through the glass T. On the return stroke 
the pressure exerted by the pump piston drives 
the oil out through the non-return valve into 
the vaporiser К. Some of the waste gases, 
and the steam generated thereby in the con- 
denser are then driven through the pipe L 
into the vessel M, and are condensed as water ; 
after mixing they are driven with the oil into 
the vaporiser К. When this mixture enters 
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the working cylinder with its proportion of air 
the effect of the water is to delay combustion. 
The governing is effected by the belt-driven 
centrifugal governor U, connected by a central 
spindle to the bell crank lever V, attached by 
a link W to a plunger X, that by its move- 
ment to and fro, opens and closes communi- 
cation between the vessel M and pump 
cylinder C, thereby shutting out the action of 
the pump and stopping the supply of oil. 
Should the governor belt break, or should the 
governor from any cause stop, the plunger in 
this instance moves out, and by preventing 
the flow of oil stops the engine. A stepped 
catch Y holds the plunger at starting the 
engine, and when the normal speed isobtained, 
automatically falls and leaves the governor 
free to act to cut the oil out at too high a 
speed. The mode of governing just described 
is that delineated in Fig. 1 ; but in a later de- 
velopment it has been found an improvement 
to control the flow of combustible to the 
working cylinder by the governor opening and 
closing the spring valve at the top side of the 
extremity of thàt cylinder. 

The working cylinder is water jacketed. 
The auxiliary cylinder acts as guide by means 
of a second piston fitted withrings, to which the 
connecting rod is secured internally. These 
details and the lubrication arrangements are 
clearly shown in Fig. т, which, representing 
an oil engine, is (when the carburettor is re. 
moved) also applicable to the gas engine. 

Russian petroleum with a specific gravity 
of about o:82, or low or high flash oil 
between 85? to 150°, may be used, requiring 
half a pint per hour per B. H.P. ; whilst 20 to 
21 cubic feet of gas, having a calorific power 
equal to that of Manchester, is similarly 
required. 

The engine 1s an embodiment of the idea 
long prevalent that a two-cycle engine would 
give a more uniform turning moment than 
the prevailing Beau de Rochas or four-cycle. 
In the various two-cycle designs that have 
previously been tried, the second cylinder 
has been under pressure: this new type 
is differentiated therefrom by the fact that 
the compression and explosion are both in 
the working cylinder, whilst the scavenging 
is done by the auxiliary cylinder acting under 
pressure below that of the atmosphere. As 
a consequence of the action of the last-named 
cylinder, there is an absence of the side shaft, 
skew gears, rocking levers, and cams that are 
usually required to effect the succession of 
four-cycle operations in one cylinder. 

The engine of Messrs. Crossley Brothers, 
Limited, direct coupled to an electric 
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FIG. 2.—CROSSLEY’S ENGINE. 


generator made by the Lancashire Dynamo 
and Motor Company, Limited, runs at 250 
revolutions per minute and gives a maximum 
power of 29} effective horse. The con- 
tinuous working load of the engine (S.E. 
type) is 274, which, with town's gas of 600 
British thermal units net heating value, re- 
quires 14£ cubic feet per hour per B.H.P. 
When gas of 150 British thermal units net 
heating value is used, the output of power is 
reduced 20 per cent.. vizs., to 22 B.H.P., and 


the consumption raised to 65 cubic feet per 


B.H.P. Engines of this size work with a 
compression of 95 lbs. per square inch ; but 
in larger sizes of recent design this is in- 
creased to 150 lbs. The heavy fly-wheel 
necessary to secure sufficient uniformity of 
speed for the working of electric glow lamps 
is fitted on a balanced crank shaft supported 
on an out-end bearing, and this crank shaft 
is coupled to the dynamo by a flexible 
coupling. In Fig. 2 this coupling, known by 
the name of Raffard, is shown. 
of joining the two discs is by projecting 
pegs, upon which flexible material, viz., 
cotton rope, is wound. After the pegs are 
thus interlaced with the rope, the latter is 
spliced to make it endless. 

Continuous lubrication is provided for 
crank bearing, and the oil may be collected 
and re-used for less important bearings if 
desired. A simple appliance for the col- 
lection of oil and prevention of loss by 
splashing consists of a strip of spring steel, 
placed in contact with the gun-metal, where 
the crank shaft is thickened up for passing 
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through the fly-wheel. The hori- 
zontally-placed governor shown in 
Fig. 2 is driven by gearing direct 
from the crank shaft, and not from 
the half-speed valve operating shaft. 
By this mode of driving, the varia- 
tions of speed are reduced from 21 
to 14 per cent., as between full load 
and no load. In larger engines 
this improved governor, acting on a 
hit-and-miss arrangement, is supple- 
mented by an automatic cut-out 
gear which proportions the charge 
of air and gas at the higher loads, 
but employs the *'hit-and-miss" for 
the lower ones. The heavy fly- 
wheel keeps the variation of speed 
at any part of a given revolution 
(known as the “cyclical variation") 
at r£ per cent, or a total varia- 
tion of 2i per cent. Where this 
is required to be reduced, as 
in running alternators in parallel, 
the addition of a second fly-wheel accom- 
plishes it. 

The ignition may be either with duplicate 
hot porcelain tube, when town's gas is used, 
or by electric spark when fuel gas is used. In 
the latter case, a Simms-Bosch electro-mag- 
neto machine A, having an oscillating sleeve 
B, is employed (see Fig. 3). The magneto con- 
sists of three permanent horse-shoe magnets, 
an armature having а primary and secondary 
winding for the high tension type, and one 
winding for the low tension, and a shield or 
sleeve. The magnets and pole pieces are 
secured to а gun-metal base plate, which is 
supported from the engine by the bracket R.* 
As the low tension type has alone been used 
on stationary engines, we describe that only. 
A single wire connects the armature with the 
sparking box N, with contact breaker K and 
L to form the spark; this box N is fixed 
on the engine cylinder, and is fitted. with a 
sight hole X. At this box the sparking may 
be examined when gas is absent, by pulling 
over and liberating lever T. The engine 
side shaft has a special cam E and trip gear 
T, to give a quick motion to the magneto 
oscillating sleeve B; and it is also provided 
with a late sparking cam E, for starting the 
engine without fear of its running the wrong 
way, which it would do if the ignition took 
place before the dead centre of the crank 
had been passed. The gear acts as follows: 
The trip lever T is pulled over by a trip 


rincipal details of 
» р.р. 351-2. 


* For further description of the 
this machine, see TECHNICS, Vol. 
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roller D, fixed on the side shaft cam F. At 
the correct moment the trip lever T is 
released ; then, by means of the two springs 
ZZ, the lever flies back to its normal position 
at U, making the electric current, the trip 
lever T at the same time breaking contact in 
sparking box N by means of pusher rod H, 
and forming electric spark in box N, when 
the charge is ignited. The engine having 
started running, the late starting cam E is 
disengaged by a thumb-screw W under the 
magneto А (Fig. 3). The current generated 
by the magneto is conveyed by the single 
wire to the ignition plug, consisting of an 
insulated pin and a moving lever, which are 
separated mechanically by the engine, so as 
to cause the spark to pass, producing the 
ignition at the proper time. ‘The sparking 
points K and L adjust themselves to any 
wear, and they can be rcadily freed from any 
water or oil that may be deposited on them, 
whilst the whole gear can be removed and 
replaced in a few minutes. As the magneto 
will give a spark at the slowest speed of 
rotation of the engine, no difficulty occurs in 
firing the combustible at the time of starting. 


Р” 


approximately adjusted to the calorific 
power of the gas being used. 

The Simms Manufacturing Company, 
Limited, exhibited petrol motors of the 
single, twin, and four cylinder types, each 
capable of being operated by gas. Ап 
essential part of these motors is the magneto 
ignition, either by low tension already re- 
ferred to for stationary engines, or of the 
high tension or arc light type primarily 
designed to take the place of accumulators 
and coils, and more especially of the same as 
applied to existing multi-cylinder motors on 
road cars. When the low tension is used for- 
high-speed motors, the rotary armature and 
rotary sleeve are employed, the * make and 
break" being effected like that for the 
stationary engines, and shown in Fig. 11, 
page 351, Vol. I., TECHNICS. 

А 34 B.H.P. single cylinder cycle-motor 
has a bore and stroke each of 82 mm., and, 
as in the larger sizes, the inlet valve is 
mechanically operated. A float-feed car- 
burettor is fitted, having ап automatic 
mixture regulator, ensuring a constant pro- 
portion of petrol vapour .and air at all 
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Fic. 4.—DIAGRAMMATIC REPRESENTATION OF TWO TYPES OF SIMMS-BoscH MAGNETO ; ALSO 
SHOWING TWO ALTERNATIVE POSITIONS FOR MAGNETO. 


W, connecting wire F.P., firing plug. 


A and B, alternative positions for magneto, 


A method of retarding ignition at the time of 
starting the engine is shown in Fig. 4, where 
two alternative types of, and positions for, 
the Simms-Bosch magneto are given. 

In the air supply tube is fitted a wing 
valve, actuated by a worm and wheel, which 
In turn are operated by a small hand wheel. 
his enables the volume of air to be 


S.P., sparking plug. 


S.H., sigt hole, C, cam. T, trip roller. 
Го retard spark, place Muy in aperture X. 


speeds. It is fitted with the high-tension 
ignition, and the advance sparking gear is 
contained inside and forms a part of the 
magneto machine. It is provided with a 
safety sparking gap enclosed from atmo- 
sphere. The range of speed is from 300 to 
3,000 revolutions per minute. The height, 
length, and width over all are 20}, 114, and 
2 B 
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6i inches respectively, and the weight, in- 
cluding the ignition and carburettor, is 
65 lbs. А four-cylinder water-cooled motor, 
giving 20 B.H.P. at 1,200 revolutions, in 
running order, weighs 370 Ibs., of which 
68 lbs. is in the fly-wheel. The height from 
top of compression cock to bottom of 
crank chamber is 22 inches, the width over 
frame attachments 162 inches, and length 
from end of crank shaft to back of fly-wheel 
35 inches. The machine works at a com- 
pression of 70 lbs. per square inch, and the 
diameter and stroke of pistons are 95 mm. 
and rro mm. respectively. The weight per 
B.H.P., 722., 185 lbs., is very small, and the 
advent of six-cylinder motors promises still 
further reduction, due to the absence of a 
Hy-wheel made possible by the absolute 
uniformity of turning moment on the crank 
shaft. 

Each gas-engine maker applies the magneto 
to lis mechanism in a slightly ditterent 
manner, and the principle of the same 15 
embodied in Fig. 4, where the standard or 


suggested methods are delineated. This low 
tension magneto is made in three classes: 
(a) with oscillating sleeve, (4) with rotary 
armature, and (c) with rotary sleeve. In 
these three classes are modifications to suit 
(a) single, or (4) multiple cylinder motors, 
or (c) high-speed motors, and (7) slow-speed 
motors. The rotary sleeve type recently 
introduced includes the advantages of the 
oscillating sleeve and rotating armature ; that 
Is to say, it has a rotating movement of the 
sleeve and a fixed armature arranged in such 
a manner that the current does not pass 
through the bearings. ‘The armature is ad- 
justable, and allows of a variation of 120° in 
the sparking position. With this machine 
four sparks are obtained every revolution, 
thus allowing it to be operated from the half- 
speed shaft of the engine. The oscillating 
sleeve is, however, more suitable for one or 
two-cylinder motor-car engines, where only a 
limited space is available for the magneto 
drive, the oscillating machine being very 
easily connected up. | 


ACETYLENE PURIFICATION. 


P. GRIL proposes, in his French patent 
334111 Of 1903, to extract from crude 
acetylene made from calcium carbide, the 
organic compounds of sulphur, the basic 
compounds formed by polymerisation, and 
the phosphine which it usually contains. 


For this purpose ten parts of chromic 
acid are dissolved in thirty parts of 
nitric acid, and the solution 15 ab- 
sorbed in roo parts of kieselguhr. Messrs. 


L. M. Bullier and L. Maquenne, who have 
investigated the origin of the impurities 
usually present in crude acetylene made 
from calcium carbide, state that the com- 
pounds of phosphorus come from the calcium 
phosphide in the latter material. "They find 
that this phosphide, and the analogous cal- 
cium sulphide, only occur in carbide when 
it is made by the usual “basic” process 
—1.&., when the charge fed into the electric 
furnace contains lime in excess. If the 
carbide were prepared with carbon in excess 
it would not be so contaminated. The white 
haze which is produced when C,H, con- 
taining PH, (phospine) is burnt in a closed 
room, consists of ammonium phosphate. 
Ammonia is of itself an objectionable gas, 


and if it enters into a purifier containing 
material intended to extract phosphorus, it 
reacts with that material and lowers its 
efficiency. The source of the sulphur is not 
yet traced. The SH, was formerly said to 
come from calcium monosulphide, or from 
aluminium sulphide; but it appears more 
likely that it is formed when a triple com- 
pound of carbon, sulphur, and calcium comes 
in contact with water. А troublesome 
mechanical impurity is lime dust from the 
gas generator, which is ditficult to remove 
even by a water washer, and is visible in 
the luminous acetylene flame if the gas has 
been passed through tubes containing wool 
moistened with НСІ or H,SO,. The lime 
dust deposits at the burner orifices and 
gradually decreases their effective diameter. 

Luigi Mascarelli has examined the “ ex- 
plosive compound” formed, amongst other 
substances, on slowly passing acetylene 
through nitric acid of specific gravity 1°52, 
and finds it to have the composition 
C,H,O,N, When heated with caustic 
potash this substance gives off ammonia, 
and on being heated with light petroleum 
it also suffers decomposition. 


THE DETERMINATION OF CHROMIUM IN HIGH-SPEED 
STEELS AND ALLOYS. 


By FRED IBBOTSON, B.Sc. 


HE simplest and most rapid 
method of estimating chro- 
mium consists in its conver- 
sion to a salt of chromic 
acid, followed by titration 
with a ferrous iron solution 
and potassium permanganate 

or bichromate. Oxidation in a solution can 
be accomplished in many ways, but no 
oxidising agent acts so quickly and effectively 
as the potassium or ammonium salt of 
persulphuric acid. 

The present retail price of these compounds 
—about eight shillings a pound in the case of 
the ammonium salt, and, on account of its 
smaller solubility in water, only about five in 
the case of the potassium salt—is by no 
means prohibitive, and they are now being 
used extensively for oxidising and other 
purposes. Amongst others, the conversion 
of the manganese in a steel into permanganate 
is worthy of mention. 

As practised by the author, the oxidation 
and subsequent determination of chromium 
in a steel can be conducted in the flask into 
which the drillings are first weighed, without 
resorting to a single filtration, and duplicate 
assays can easily be made in less than an 
hour. 

Process for Steels.—Half a gram of the 
drillings are placed in a small flask and 
covered with то сс. of dilute sulphuric acid 
(т acid to 4 water). Heat is applied to 
assist the breaking up of the steel, and when 
decomposition is complete, or nearly so, a 
few drops of strong nitric acid are added to 
oxidise the iron, and the nitrous fumes thus 
generated are then expelled by boiling. 
About тоо cc. of water are next added, 
together with 20 cc. of nitric acid (specific 
gravity 1°20), and 20 cc. of a solution of 
silver nitrate, made by dissolving 2 grams of 
the crystals in a litre of distilled water. Two 
or three grams of solid ammonium persulphate 
are then added, and, after washing down any 
particles of the salt adhering to the neck 
or sides of the flask, the whole mixture is 
heated. 

Oxidation of the chromium (and the man- 
ganese) soon sets in, and the green colour of 
the solution is replaced by the characteristic 
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yellow of chromates. This may be modified 
or masked completely by the purple tint of 
the permanganate formed from steels con- 
taining manganese. High-speed steels, how- 
ever, contain only a trace of this element, 
and many none at all, so that there is no 
appreciable interference from this source. 

As the temperature rises, a brisk evolution 
of oxygen gas sets in, due to the decomposition 
of the excess of ammonium persulphate. ‘This 
decomposition is brought about catalytically 
bv the silver nitrate added. The expulsion 
of oxygen should be assisted by frequent 
shaking, so that it has practically ceased when 
boiling point is reached. The solution may 
then be boiled not longer than half a minute, 
after which it is cooled off rapidly under the 
water tap. 

Without filtering off the tungstic oxide, 
which has separated in considerable quantity, 
the solution is largely diluted, and an excess 
of a ferrous sulphate solution, of approximately 
one-twentieth normal strength, added to reduce 
the chromic acid. The excess of ferrous iron 
is then titrated with potassium permanganate 
of the same strength. 


I CC. 75 potassium permanganate = 0000868 
grams chromium. 


The end point of the reaction is not materially 
obscured by the precipitated tungstic oxide. 

Process for Alloys.—Vhe procedure just 
described for steels is applicable in its entirety 
to rich chromiferous ferrotungstens, once these 
refractory alloys have been suitably opened 
out. An easy method of doing this is 
described by the author in TECHNICS, Vol. I., 
p. 461, under the determination of tungsten. 
For present purposes, one quarter of a gram 
of the crushed specimen is treated with a 
few cubic centimeters of hydrofluoric acid, 
and strong nitric acid is then added in. drops 
until no further action takes place. The 
whole mixture is then evaporated, after 
adding 2 cc. of strong sulphuric acid, io the 
complete expulsion of the more volatile acids 
as indicated by the appearance of sulphur 
trioxide fumes. ‘The residue is then washed 
from the platinum dish or crucible into the 
flask and the assay carried forward. 


Elements of the Mathematical Theory of Elec- 
tricity and Magnetism. Ву J. J. Thomson, M.A., 
D.Sc., LL.D., F.R.S., ete., Cavendish Professor of 
Experimental. Physics in the University of Cam- 
bridge. ‘Third Edition. pp. viii. + 554, with 134 
iHustrations. (London: €. J. Clay & Sons, Cam- 
bridge University Press Warehouse, Ave Maria Lane. 
1904.) Price тоу. 

The student who has obtained an accurate 
elementary knowledge of the science of elec- 
tricity and magnetism from. the experimental 
standpoint, and wishes to extend his studies 
into the more abstruse, but no less valuable 
mathematical theory of the subject, cannot do 
better than use this book. Works like Max- 
well's classical treatise, and several other 
books dealing with the mathematical theory of 
electricity, present almost insuperable difficulties 
to the reader who has not mastered the whole 
range of modern. mathematics; but Professor 
Thomson has reduced the subject to its simplest 
elements, and the reader who follows the argu- 
ment, as set forth in the book before us, will 
obtain a thoroughly trustworthy knowledge, 
which will prove invaluable to him in his sub- 
sequent studies. Only simple mathematics 
are used ; the reader requires a good working 
knowledge of the differential calculus, but 
this knowledge is no more than is commonly 
possessed by advanced students. It is not at 
all necessary to make use of advanced analysis 
to establish the existence of some of the most 
important electro-magnetic phenomena. There 
are always some cases which will yield to very 
simple mathematical treatment, and yet estab- 
lish and illustrate the physical phenomena as 
well as the solution, by the most claborate 
analysis, of the most general cases which could 
be selected. The value of Professor Thomson’s 
book depends largely en the skill with which 
these cases admitting of simple solution have 
been chosen. 

Even students whose mathematical equip- 
ment would enable them to understand the 
elaborate analysis used in more advanced 
treatises, will find it advantageous to read the 
book now under consideration. The absence 
of analytical difficulties permits the attention of 
the reader to be directed to the physical aspect 
of the subject, so that he acquires a more vivid 
idea and a more manageable grasp of the sub- 
ject than. he would be likely to attain if he 
merely regarded electrical phenomena through 
a cloud of analytical symbols. 

The most important alteration made in the 
third edition is a new chapter on the properties 
of moving electrified bodies; many of these 
properties may be deduced in a very simple 


manner; and the important part played by 
moving charges in modern physical theories 
amply justifies a discussion of their properties. 


The Theory of Determinants and their Applica- 
tions. By Robert Forsyth Scott, M.A. Second 
Edition, revised by G. B. Mathews, M.A., F.R.S. 
pp. хи. + 288. (London: C.J. Clay & Sons. 1904.) 
Price 95. net. 

This book is acknowledged as the standard 
work on Determinants. Having stated this, we 
need only refer to the changes introduced in the 
present edition, The character of the book has 
not been altered, nor has the size of the book 
been increased. Instead of the bibliography 
included in the earlier edition, an account of the 
carlier theory of the subject has been given. A 
new introductory chapter has been written, which 
will prove useful to beginners who might other- 
wise become discouraged by the difficulties of 
the subject. The abbreviated notation, employed 
in some chapters, has not been used in those 
which are more elementary. The mathematical 
student may find in this volume practically 
everything connected with the theory and appli- 
cation of determinants which he is likely to 
require in his studies. 


Electrical Engineering for Electric Light Artisans 
and Students. By W. Slingo and A. Brooker. New 


Edition, pp. viii. + 814, with 383 illustrations in 
the text. (London : Longmans, Green & Co., 1903.) 
Price 127. 


The numerous editions which this book has 
run through since its first publication in 1890 
bear sufficient testimony to its sustained 
popularity. [t was written to assist students to 
prepare for the ordinary grade examination of 
the City and Guilds of London Institute ; and so 
far as this can be done without devoting a great 
amount of attention to calculations, it fulfils its 
object. The writing is clear ; the authors have 
wisely resisted the temptation to attempt a 
description of every electrical appliance now in 
use, and have instead confined their attention 
to only the most important machines and in- 
struments in common use. It is perhaps im- 
possible for the electrical engineering student to 
obtain a single book which will give him all the 
information he requires for progress in his 
calling. Problems so many and so various 
require his attention, that limits of space alone 
would prevent adequate treatment of them all 
in a single book ; but most students who have 
used “Shingo and Brooker” in the past will testify 
to the advantayes they have derived thereby, 
and it is probable that many of the students 
now commencing their studies will acknowledge 
the same indebtedness in the future. 
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WEAVING.— It is considered most essential for 
the designer of dobby figured fabrics to have а 
practical acquaintance with the preparatory pro- 
cesses, and also with the mechanism of weaving ; 
more particularly regarding all shedding and 
checking motions. Why is this knowledge desirable, 
and of what value would it be 1f he had to change 
from dobby stripe shirtings to: 

(a) Extra warp figure effects suitable for blouses ? 

(^ Large dobby check designs suitable for 
washing dress materials ? 

(c) To leno gauze stripes suitable for dress 
materials ?—(Cy and Guilds of London Institute, 
Cotton Weaving, Honours Grade—General Section, 
Qucstion 5.) 

The manufacture of textile fabrics comprises 
a series of operations and processes, each of 
which forms an integral part of a complete 
scheme culminating in the finished article. 
Although these operations may be conducted 
separately, yet they are so co-related that each 
has a more or less direct bearing upon the 
others. They may not, therefore, with impunity, 
be performed as abstract operations. 

The preliminary stages of manufacturing, by 
which warp and weft are prepared for the loom, 
are known as * preparatory processes," of which 
a designer for coloured fabrics should have 
some technical knowledge, to guide him to what 
extent he may safely go in respect of the size 
and character of warp patterns that may be 
produced by the plant at his disposal, and how 
to conform to the restrictions imposed by such 
plant. Or, if he has the choice of additional 
plant, his knowledge will enable him to choose 
such as will best апа most economically meet 
his special requirements. For the fabrics 
enumcrated at (а) һе would adopt some simple 
and inexpensive means of preparing warps con- 
taining comparatively few warp-ends, and of 
winding them upon small warp-beams to furnish 
the extra figuring threads. 

But it is, perhaps, of greater importance that 
a designer should be intimately conversant with 
power-looms and their numerous accessorics, 
especially as regards shedding appliances, 
“checking” or box motions, апа picking 
(inctudiny ** pick-and-pick у motions. He would 


then know what would best meet specitic 
requirements, If he were changing from dobb’ 


stripe shirtinys to blouse fabrics to be figurea 
with extra warp-ends, he should know not only 
the limitations imposed in respect of warping, 
but also if the loom at his disposal is adapted 
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to receive the requisite number of healds, as 
well as an extra warp-beam. He should also 
know if the dobby has a sufficiently large heald 
capacity to enable fairly effective figures їо be 
produced by it; and he would select a dobby 
of lighter construction than one required for 


‚ shirtings and other heavier textures, 


If he were cognisant of the irregularity of 
tone common to hank-dyed yarn, or of the evil 
effects upon yarn in respect of glazing, caused 
bv pirn-windinp," he would know that it would 
be unwise to employ a single-box loom to weave 
coloured weft, unless the bobbins of weft wcre 
previously * boxed” and especially selected for 
their uniformity of tone and comparative freedom 
from glaze; otherwise, “shaded” cloth would 
result from the juxtaposition of weft of various 
depths of tone. If such precaution were 
not exercised to secure the least faulty weft, 
and bobbins were used indiscriminately, it 
would be advisable to employ a check-loom and 
weave with two shuttles containing similar weft, 
when two picks may be inserted by each shuttle 
alternately, and thereby neutralize any irregu- 
larity of tone that may exist — not forgetting that 
the use of a check-loom would involve a higher 
rate of pay to a weaver. 

If a designer had to prepare designs fpr 
fabrics enumerated at (б), he would require the 
use of acheck-loom, and should know something 
of its capabilities, to enable him to obtain the 
best results, and not waste bis time in preparing 
desiyns which he may subsequently discover are 
beyond its possibilities. He must know the 
greatest number of shuttles it is capable of 
weaving with at one time, and whether it may 
skip only one shuttle-box, or more than one 
at will. He will also endeavour to dispose the 
different colours of weft in the fabric so that 
most of the shuttle-boxes will be below the 
shuttle race-board for the greater period of time, 
and thereby keep the centre of gravity of the 
slay at a point nearer the rocking-shaft ; and 
also so that shuttles may be brought into 
position for picking with the least movement of 
shuttle-boxes. A change from one box to any 
other is made in the same measure of time, 
irrespective of their relative positions ; therefore, 
the speed at which boxes move, when changing, 


* See “Special Devices used. in Weaving "— 
Parts 1. and IV. in the January and current. issues 
of TECHNICS. 
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will be proportionate to the space through which 
they travel ; consequently, more wear and tear 
of parts will result from longer than from shorter 
movements of boxes. For these reasons, a skip 
of more than one box—as from No. 1 to No. 3, 
or No. 2 to No. 4, and vice versd—should be 
avoided, as far as practicable, by placing the 
various colours or counts of weft in such relative 
positions as will best meet that requirement. If 
the various motions of a loom, especially those 
governing sheddiny, picking, апа shuttle-boxes, 
are so controlled that they always act in perfect 
unison, it will be safe to weave more complex 
check patterns than if those motions were 
governed in a negative manner. In the latter 
case they would be liable to get out of unison, 
and thercby spoil the pattern, besides proving a 
serious tax upon a weaver. 

If a change were to be made from shirtings to 
* net leno " fabrics suitable for dress materials, 
as at (с), a designer would require to have a good 
knowledge of leno weaving, and of the numerous 
accessories of a leno loom. He would then 
know that an ordinary double-acting open-shed 
dobby would be unsuitable, and that he would 
require one furnished with a “leno” or “shaker” 
motion, whose function is to raise front standard 
and doup healds, in a “чор doup” harness (or 
back standard healds in a “bottom doup" 
. harness), with the object of bringing doup and 
standard warp-ends parallel, to facilitate their 
crossing with each other. If, however, an 
ordinary open-shed dobby were employed for 
leno weaving, the loom would require to be 
furnished with means for “ shaking” or “ vibrat- 
ing.” The loom should also be capable of 
receiving such number of additional warp-beams 
(to contain “net” warp-ends) as corresponds 
with the number of doup healds employed, as 
well as a similar number of **easing bars" to 
“slacken” doup warp-ends during the formation 
of a “cross” shed. 

‘In short, if a designer is practically acquainted 
with the routine of mill work in general, and 
with power-looms in particular, he will be in a 
position to introduce original ideas and novelties 
into his designs, and to suggest the necessary 
moditications that would be required to carry 
his ideas into practical effect ; but if he lacks 
that acquaintance with technical matters, he 
will be unable to overcome any difficulties 
that may arise, and his work will necessarily 
be commonplace, devoid of interest, and 
characterless. 


PHOTO. — How аге the followinz crystoleum 
mediums prepared :— 
1. Adhesive. 
2. Clearine. 
3. Preservative ? 


I. The adhesive medium is used to attach the 
photo to the glass, and should be of such a 
nature that it will not interfere with the mediums 
used in the later stages of the painting. 

A clear solution of gum arabic is found to 
satisfy all these conditions ; the ordinary gum 
arabic has а yellowish tint, but this may be pot 
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rid of by exposing to air and sunlight at the 
temperature of boiling water. 

2. The cleartne medium. This medium pro- 
duces transparency of the photograph. It is 
prepared by dissolving pure Canada balsam in 
either benzene or chloroform (the former is the 
cheaper) This is applied to the photograph 
when it has been stuck on the glass, and 15 left 
until all the “‘ spirit " has evaporated. 

3. The preservative medium. This medium 
is applied to prevent fading or gradual appear- 
ance of white blotches which occur when the 
paint actually comes into contact with the 
photograph. It is prepared from ordinary gum 
copal in the following way :—The gum, which 
is in small lumps, is heated to about 400° F., 
volatile oils being driven off. The residue is 
taken and mixed with ‘ boiled” linseed oil until 
dissolved (this takes from two to three hours), 
when the solution is so viscous that it can be 
“ pulled” just like transparent elastic; the 
addition of linseed oil is concluded. For use in 
crystoleum painting the gum copal varnish, as 
prepared above, is usually thinned down with 
turpentine, or with a mixture of boiled linseed 
oil and turpentine. 


MANHATTAN BAROMETER. —Upon what principle 
does the action of the Manhattan barometer depond ? 


The Manhattan “barometer” consists of a 
glass tube about six inches long, sealed at 
both ends, and nearly full of a colourless liquid 
containing feathery-looking white crystals. In 
fine weather these crystals sink right to the 
bottom, but on the approach of rain the crystals 
gradually rise. 

This query is reminiscent of old logical fallacies 
of assumption, of which one example was the 
advocate's question—when did you leave off 
beating your mother ? 

The instrument in question is not a barometer, 
and that it may foretell rain in some cases is 
due to a preceding fall of temperature, and not 
to any pressure effect. 

Thomas Russel, a great American authority 
on weather prognostication and meteorology, 
describes the instrument thus :— 7 йе Camphor 
/ hermoscope, consists of a sealed glass tube 
containing camphor gum dissolved in alcohol. 
lt is sometimes used to indicate changes of 
temperature. When the temperature is high 
the camphor is all dissolved, and when the 
temperature falls the camphor crystallises out, 
forming a flocculent, feathery-looking whitish 
mass. Thermoscopes of this kind are some- 
times sold mounted on the same board with a 
mercurial thermometer, and аге erroneously 
supposed by some to indicate changing pressure 
or clectrical condition of the atmosphere. 


HYGROMETRY. — Some air which is not quite 
Saturated with moisture is passed into a dry bottle 
and the bottle is securely corked. If the tempera- 
ture of the bottle is now raised, what alteration 
will be caused in: (1) the dew-point; and, (2) the 
degree of humidity of the enclosed air ? 


1. Raising the temperature of the air has 
nothing whatever to do with changing the dew- 
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point, but the fact that the water-vapour and 
air have a constant volume does cause an altera- 
tion. It is simply the case of the alteration of 
dew-point from constant pressure to constant 
volume. 

Suppose the bottle cooled, then the mass of 
vapour per unit volume remains unchanged, but 
by the time we arrive at the temperature at 
which water would begin to be deposited, had 
the volume been allowed to diminish, the mass 
per unit volume will not be enough to quite 
saturate the air, so that we must cool the bottle 
a little more ; that is, the constant volume dew- 
point is a little below the constant pressure 
dew-point. 

2. Defining the absolute humidity as the mass 
of vapour actually present in a unit volume of 
moist air, we see that this quantity is independent 
of the temperature of the bottle, unless cooled 
below the dew-point. 

Kelative humidity is defined as the ratio of 
the actual mass of vapour in unit volume of moist 
air to the mass of vapour required to saturate 
the unit volume at the given temperature. As 
the mass required to saturate unit volume in- 
creases with the difference between the actual 
temperature and that of the dew-point, and as 
keeping the air at constant volume lowers the 
dew-point, we see that the relative humidity is 
less under the condition of constant volume. 
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DUDDELL'S OSCILLOGRAPH.—Describe carefully 
Duddell's Oscillograph. What is its use ? 

The wave-form of an alternating current is a 
very important factor in the working and 
efficiency of some forms of alternating current 


appliances, and much attention has been paid 
to the determination of the shape of the alterna- 
ting current wave, and to the effects due to 
different waveforms. Inaninstrument designed 
to delineate the wave form of an alternating 
current or P.D., the elimination of errors due to 
the inertia of the moving parts presents diffi- 
culties of no mean order, since the frequency of 
the alternating current, even of the order of 
fifty cycles per second, obviously makes it 
difficult to construct an instrument with moving 
parts which must pulsate in perfect synchronism 
with the current, so as to give a measure of the 
instantaneous values of the alternating quantity 
required, and so enable a continuous record of 
the wave and wave-form to be obtained. 

The best known instrument for obtaining de- 
lineations of periodic quantities is the oscillo- 
graph, which was first introduced by Professor 
Blondel. Mr. Duddell has applied the same 
principle of action in the Duddell oscillograph, 
and has been very successful in evolving a really 
beautiful and useful instrument of research, a 
good idea of which may be gathered from Fig. 1. 
The oscillograph is a highly specialised and 
modified form of the moving coil or D'Arsonval 
galvanometer combined with a rotating or 
vibrating mirror, and consists essentially of two 
parallel strips of phosphor-bronze s s (Fig. 2) 
formed by bending the strip back on itself over 
the pulley P, which is attached to a light spring 
balance introduced to stretch the strips located 
in the narrow gap between the poles N S of a 
powerful magnet. At the bottom ends the strips 
are clamped on a block K, while at the top 
they are held in position by the bridge piece L. 
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By altering the tension on the spring stretching 
the phosphor-bronze loop, the periodicity of the 
instrument can be varied at will, Each strip 
or leg of the loop passes through a separate gap 
(not shown in Fig. 2) in the magnetic circuit. 
The clearance between the sides of the gaps and 
the moving strip is but 0'038 mm. ; and these 
gaps are filled with a viscous oil, over which is 
placed a small lens, which is held in position 
entirely by the surface tension of the oil, and 
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serves in its turn to keep the oil in place. The 
object of the oil is to damp the movements of 
the strips. А small mirror M (Fig. 2) is 
attached to the loop as shown, The phosphor- 
bronze strip forms part of the circuit, so that the 
alternating current passes up one strip and down 
the other; and from the principles of electro- 
dynamics (Ze, a conductor carrying a current 
and situated in a magnetic teld, so that the 
current is normal to the direction of the lines of 
force, experiences a force tending to move it in a 
direction perpendicular to the directions of both 
the current and the magnetic field) it is obvious 
that the movements of the two strips will be in 
opposite directions ; as one advances and the 
other recedes, the mirror is turned about a 
vertical axis. In the high-frequency instrument 
the natural period of vibration of the loop is 
rooooth of a second, and the clearance being 
extremely small, the damping effect of the oil is 
so great, that the instrument can be relied upon 
to viveaccurate results, even when the periodicity 
of the current to be tested is over 300 periods 
per second, Small fuses below the loops protect 
these from injury in case of accidental excessive 
current. The fuses consist of very fine wires 
enclosed in glass tubes, which are held in position 
by spring clamps. 

The beam of light reflected. from the mirror 
M is received on a screen or photographic plate, 
the instantaneous value of the current being 
proportional to the linear displacement. of 
the spot of light so formed: with alternating 
currents the spot of light oscillates io and fro 
as the current varies and would trace a straight 
line. If, however, a second mirror be interposed 
in the path of the beam of light and. be caused 
to vibrate or rotate so as to impart to the beam 
of light a uniform motion proportional to time 
in a plane at right angles to the plane of vibra- 
tion of the beam duc to the current, the spot of 
light will trace out on a stationary screen or 
plate the time curve of the variation of the P.D. 
or current. In the case of periodic quantities, 
as with alternating. currents say, the second 
mirror can be synchronised апа the spot of 
light caused to trace out the wave-form over 
and over again, In practice the synchronous 
vibration of the second mirror is obtained by 
means of a specially designed alternate current 
motor, fed from the same supply mains, 


There are two types of the Duddell oscillo- 
graph, known as the single and double types of 
oscillograph, according as one or two pairs of 
strips are used, but in both types there is only 
one magnetic held. With the double oscillo- 
graph (see Fig. 1) observations or records can 
be made of any two currents or P.Ds., or of a 
current and a P.D., absolutely simultaneously, 
and it has in addition a fixed. mirror to give the 
datum or zero line. The magnetic field is pro- 
duced by an electro-magnet (excited by con- 
tinuous current) wound in twelve sections (as 
shown in Fig. 1), connected in series in two sets 
of six, the ends. being connected to terminals. 
With the two sets in series the exciting current 
may be taken from a 200 volt direct current 
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circuit, 
circuit, 

Iuddell’s oscillograph possesses the following 
characteristics :— 

1. lt has an extremely small periodic time 
when undamped, £24 acca tO тороо Of a second 
in the high frequency pattern. 

2. It is perfectly dead beat. 

3. Its self-induction and capacity аге practi- 
cally nil, and it is free from hysteresis errors. 

4. Its deflection at any moment is accurately 
proportional to the instantaneous value of the 
current up to a frequency of 300 cycles per 
second. 

5 Its resistance is small, from 5 to 10 ohms. 

6. Two or more wave forms may be obtained 
simultaneously. 

7. The wave-form may be recorded as well as 
projected. 

A moment's consideration is sufficient to con- 
vince one that the ordinary galvanometer with 
a moving magnetic needle.cannot afford means 
of measuring periodic quantities, since it does 
not comply "with the following essential con- 
ditions for projecting, recording and analysing 
rapidly pulsating phenomena of a periodic 
character instantaneously. Such an instrument 
must have— 

1. A natural period of oscillation or vibration 
much shorter than that of the periodic phenom- 
enon which is to be recorded. 

2. A small moment of inertia. 

3. A degree of damping as nearly as possible 
critical. 

In fact, the moment of inertia of the moving 
part must be such as to have an entirely negligible 
influence upon the oscillations it performs under 
the action of an alternating current ; thesc are 
the conditions which have been realised to a 
high degree in the Duddell oscillograph. 


RAIN-GAUGE. — Describe, with the help of 
sketches, a standard form of rain-gauge. Explain 
carefully the effect on the record of (а), the height 
of the gauge above the ground; (2), the presence 
of buildings or trees close to the gauge. 

How would you determine, in any given place, 
the relation between evaporation and rainfall ? 
(27..5с., 1904, //yfraulics). 


and if in parallel from a roo-volt 


Glaisher'srainand snow-gauge 
is a cylindrical copper vessel, 
eight inches in diameter and 
eighteen inches high. The 
cylinder is made up of two 
parts which fit the one on the 
other as indicated in sketch. 
Soldered to the upper one 15а 
copper funnel, the plane of whose 
mouth is about eight inches 
from the top, and parallel to it. 
The tube of the funnel rcaches 
nearly to the bottom of the rain- 
receiving vessel placed on the 
base of the cylinder. By means 
of a wooden frame and stakes, 
the lower part of the cylinder is 

Fic. 1. firmly fixed in the ground, so 
(RAiN-GAUvGE.) that the cylinder opening is 
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horizontal, and always at the same height above 
the ground (usually twelve inches). 

In а more modern form, due to Professor 
Nipher, the funnel and receiving vessel are in 
one piece, the water being drawn off by means 
of a stop-cock at the bottom. The great im- 
provement introduced by Professor Nipher is 
the surrounding of the funnel edge by an 
umbelliform screen of wire cloth, having about 
sixty-four meshes to the square inch. The 
advantages of the screen are that it prevents 
splashing from the ground into the funnel, and 
(what is very important) breaks up the eddies 
and currents of air caused by the impact of 
the wind against the apparatus, which eddies 
and currents would otherwise carry away many 
raindrops that should be collected. Another 
form ot protection is that due to Boernstein, 
who erects round the ordinary gauge, at a 
distance of two or three feet, an open board 
fence with its top a little higher than the mouth 
of the gauge. 

(а) With anordinary rain-gauge like Glaisher’s, 
it is found that the deficit of rain caught by the 
gauge increases with the altitude of the gauge, 
and roughly speaking, is proportional to the 
square root of the altitude, provided the gauge 
is fully exposed to the increase of the wind 
which prevails at these altitudes. With the 
Nipher shielded gauge, the rain catch becomes 
nearly independent of the altitude. 


(6) The presence of buildings or trees close 
to the gauge exercises a most marked effect on 
the rain catch. If the gauge is between the 
direction from which the prevailing wind comes 
and the obstacle, be it house, trees or hill, He 
rain catch 15 abnormally increased. ‘Thus, 
an actual experiment with a number of rain- 
gauges placcd in a line with the direction of the 
wind, the one about fifty feet from an obstacle of 
about thirty feet high received 20 per cent. 
more rain than one on the height, and about 
15 per cent. more than one on the same level, 
distant about 300 feet towards the wind. 
Generally speaking, unless the area is very level 
the results from a single gauge would differ 
widely from the true mean fall for the whole 
area, 

The actual evaporation from land and water 
at any given place cannot, with the means at 
present at our disposal, be computed. All one 
can do is to measure the quantity of water 
evaporated from a given specific surface of 
water. This is most readily done by aid of the 
Piche Evaporimeter. This instrument consists 
essentially of a glass tube whose upper end is 
sealed hermetically, whereas the lower end is 
covered by a horizontal disc of bibulous paper, 
which 1s kept wet by absorption from the water 
in the tube. As the water evaporates, its 
descent in the tube can be measured, and 
hence, knowing the cross section, the volume 
can be calculated. The instrument must be 
protected from the direct action of the rain. 
To show the relation between rainfall and the 
evaporation from this particular surface, it 
would be necessary to plot two curves having 
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similar abscissa (vjz. time). At the middle of 
every abscissa interval, representing twenty- 
four hours, set up an ordinate proportional to 
the rainfall in inches during those hours, and at 
the same abscissa an ordinate proportional to 
the fall in inches of the evaporimeter. 

If only the relation between evaporation and 
rainfall was required, it would be sutficient to 
plot the fall of the evaporimeter against the 
rainfall, For meteorological purposes, however, 
the former method would be best. 

If a more detailed study of the variations 
were required, the instruments could easily be 
made to automatically register. the rainfall and 
evaporation. Thus, in the case of the l'iche 
instrument, it could be suspended from a fixed 
support by one or more springs, so that as the 
water evaporated, the tube would move upwards 
a distance proportional to the loss of water; by 
providing the tube with a style, a register could 
be made on a uniformly driven, vertical drum 
covered with smoked paper, or by means of an 
electric current passing from the style to 
specially sensitised paper on the drum. 


DESIGN OF CHOKING COIL.—Would you please 
show how to design & choking coil? Take, for 
example, a choker for use with an arc lamp 
requiring 10 amperes at 50 volts; pressure on 
mains 100 volts, frequency 100 ~. 

А choking coil is a type of transformer with 
only one winding possessing low resistance and 
high inductance. It is employed on alternating 
current circuits (1) as a protective device for arc 
lamps connected in serics, or (2) as a regulating 
device for choking or throttling a detinite por- 
tion of the impressed voltage. The design of a 
choking coil for either purpose is anything but 
an easy matter, and no hard-and-fast rule can 
be given which will apply to the design of a 
choking coil with an open magnetic circuit. In 
the case under consideration, the choking coil 
is for regulation purposes, and should possess 
constant inductance, so that when placed in 
series with an arc lamp requiring 10 amperes at 
50 volts across a 100-volt circuit, the frequency 
of which is 100 periods per second, the coil will 
absorb that portion of the pressure not required 
by the arc lamp with as little dissipation. of 
energy as possible. Оп a continuous-current 
circuit a resistance of 5 ohms would have to be 
inserted in series with the arc lamp to produce 
a drop of 50 volts, and this would give rise to a 
loss of energy equal to that utilised by the lamp, 
and the working efficiency of the system would 
be only 50 per cent. By using a choker on 
alternating current circuits, the loss need rot be 
more than 10 per cent. of the power taken by 
the lamp. 

The form which the choker may take depends 
upon the special service demanded of the coil, 
but in all cases the core is laminated and built 
up of thin sheets of transformer iron. Fig. I 
shows four different types, of which Fig. ТА is 
of the closed magnetic circuit type, whilst the 
others possess one or more air-gaps, and are of 
the open magnetic circuit type. Fig. 1B has an 
air-gap of short length end detinite area of 
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cross-section, and for a given current and 
frequency has a fixed value for its inductance 
and choking action. When a variable induct- 
ance is required, the amount of iron within the 
coil may be changed by withdrawing the tron 
core more or less, a process which is possible 
with the types shown 1п Figs. 1С and ID. 

The short air-gap type (Fig. 1B) is most 
suitable for use with an arc lamp when no 
adjustment of the choked pressure is required, 
since the presence of the air-gap makes it 
possible to keep down the cross-section of the 
core as well as the flux-density B. For this 
type of choker the following formule enable 
approximate dimensions to be obtained, although 
the method of design is very largely a ¢rral and 
error process. Assuming that the arc lamp is 
non-inductive, and that the resistance of the 
choking coi is small enough to be negligible, 
the magnitude of the choked pressure is found 
from the relationship 


DEE R 0. 0... . (1) 


in which E = impressed E.M.F., е = lamp 
voltage, and ¢, = the magnitude of the choked 


pressure. Consequently, 
e, = AJ E? — ef = 4/1007 — 50? 
= 86:6 volts. 


And from the theory of the transformer we have 
„= 444 №5 о х 10volts . (2) 
from which 
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in which N - the magnetic flux, and S - the 
number of spirals forming the coil. From (3) it 
is clear that the product NS is of constant 
magnitude in the case of a choker with constant 
inductance and a constant frequency. Апа 
from the principles of the magnetic circuit we 
have, for a core of given dimensions and shape, 


E qo 6 wow (4) 


in which I is the virtual value of the current, 
l, A; and ш are the length, area, and per- 
meability of the iron part of the core, and 7, and 
A, refer to the air-gap. It will simplify matters 
if we fix the length of the air-gap as o'5 cm, 
so that the lines of force may be assumed to 
cross the air-gap along parallel lines, then A, 
may be taken equal to A, and the leakage is a 
minimum. As regards the flux-density B, it 
should be noted that the loss by hysteresis is 
reduced by keeping the value of the flux density 
small, although it is not necessary to work with 
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flux densities as small as with transformers, and 
in practice from 5,000 to 10,000 lines of force 
per sq. cm. are suitable values of the maximum 
value of the flux-density B. It must also be 
noticed that it will be advisable to work with 
the maximum value of the flux-density, since the 
losses due to hysteresis and eddy-currents are 
proportional to Bit, and В, respectively ; the 
maximum value of the flux-density is equal to 
/2 (or 1:414) times the virtual value of B. 

As a first approximation to fixing the number 
of turns of wire S required, as well as the 
dimensions of the core, we may assume that the 
reluctance of the iron part of the core is so small 
compared with that of the air-gap that we may 


neglect it. In this case we have the relation 
gn Bd 
io SI 4 2 = В... X /, 


„/ 2 Lis the maximum value of the current corre- 
sponding to B,,,, so that taking Bwar, = 7000 
we have 


1'257 S x (10 X 17414) = 7000 X 0'5 


and S = 200 turns 
А 8 
һи NS = 86-6 x 10 from (3) 
"44 o 
—A »«/999 x 200 
1'414 


in which 7900. is the virtual value of B, since 


86:6 volts is the virtual value of the choked 
pressure ; 
B 86:6 x 10° = A x 1400000 
4°44 X 100 1'414 
.. А = 20 sq. cms. 

The volume of the iron forming the core can 
be best obtained by fixing the permissible core 
losses due to hysteresis and eddy-currents, and 
if these losses be limited to 10 per cent. of the 
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power absorbed by the arc lamp (7.ё., 10 per cent. 
of 500 watts), we have W = 50 watts, But the 
iron losses in a transformer are given by the 
relation, 


W = V {q v Baar X 1077 
+ 22 о? Bix 10—16 watts . . . (5) 


in which V is the volume of the iron in cu. cms.; 
n = '0024 is the hysteresis coefficient; ¢ = 
thickness of the plates in mils, a suitable value 
for which is 15 mils. By substitution we have 


. 1.6 2 
pos V | oa 7000 | 1$°х ee] 


IO! 10!5 
= 0'045 V; 
К 059. = 1100 cu. cm. 
0°045 


But the area of cross-section of the core is 
20 sq. cms., therefore the mean length of the 
iron part of the magnetic circuit is · 


| 20 
At this stage we may test the accuracy of the 
results thus obtained by applying formula (4); 
thus— 
1:257 SI J 2 
l / 
„б. eed 
A; щш A, 
2 19/4 900 19 ANG 
СРЕ ВЕ. 


= ae 


20 X 2220 20 
= 135400 

2220 is the permeability of sheet iron for a flux 
density of 7000.* Again, N maz, = 7000 x 20 = 
140,000, and as the two values are of the same 
order of magnitude, the values obtained may be 
accepted as being satisfactory, although in 
practice slight corrections would perhaps be 
necessary. The next point to consider is the 
determination of the dimensions of the core, and 
the size of wire to use. As the cross-section of 
the iron forming the core is 20 sq. cms., we may 
take 100 plates, which gives a depth of 3:8 cms., 
since the thickness of each plate is 15 mils — 
0'038 cm., and the width of the plate will be 
20 
3:8 
rectangular shape for the core, the dimensions 
will be those shown in Fig. 2. 

As regards the gauge of the wire, it will be 
convenient to take 1000 amperes per sq. inch as 
the current density, so that for 10 amperes the 
cross-sectional area of the wire will be 4,3, sq. 
inch ; and as a No. 11 S. W.G. wire has an area 
of 0°01067 sq. inch, and a diameter of o* 116 inch, 
this wire will do nicely, and allowing 14 mils 
additional for the double cotton covering, the 
diameter of the insulated wire will be 0°13 inch. 
With a length of 10 cms. (nearly 4 inches) avail- 
able for the wire, 30 turns per layer may be put 
upon the core, so that there will be 6 layers of 
30 turns and one layer of 20 turns. 


* See ** Magnetisation Curve, "lECHNICGS, page 150, 
Vol. I. 


N mar. = 


= 5°27 cms. Having decided upon a 
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RADIAL VANE PUMP.-— Determine the horse- 
power which will be required to drive а radial vane 
pump which delivers 20,000 gallons of water & 
minute ; the pump runs at 80 revolutions a minute, 
and is 10 feet in diameter. What would the 
efficiency be on a lift of 20 feet ? 


If the radius of the pump disc is expressed by 
R (fect), and its speed by N (revolutions per 
minute), then 


PIN oe ва tangential velocity of 
бо 30 
the rim of the disc, in feet per second, and 
rns w = angular velocity of the disc 
30 in radians per second. 


If the pump delivers G gallons of water per 
minute, 


bG Uer ibs, of water delivered per second. 


60 6 
Since the vanes on the disc are radial, the 
water as it leaves the disc has the same tanyen- 
tial velocity as the disc itself. 
Hence the kinetic. energy of the 
delivered per second 
Wa? 


water 


12g 
W representing the weight of water in pounds, 
and 7 its tangential velocity in feet per second. 
This does not express the whole of the energy 
received by the water in its passage through the 
pump; for as any portion of water is whirled 
around it exerts centrifugal force upon the 
water in contact with it, in a direction outward 
from the centre of revolution. Also, the portion 
of water considered. moves outward whilst 
exerting this force, and therefore does work upon 
the water against which it presses. Assuming 
the water to enter the pump at the centre of the 
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disc, then the work performed by W pounds of 
water during its journey along the vane may be 
deduced from the diagram. 

Horizontal distances from O represent the 
distance of the quantity of water considered 
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from the centre of revolution, and along the 
vertical axis the corresponding value of the 
centrifugal force is set otf to scale. Then the 


curve (OA) obtained by plotting these values 
. . ^ 4 . 
will be straight, because к is a constant. 


g 
In the same way that an indicator diagram 
represents work done, the triangular area OA D 
represents the work done by W pounds of water 
in moving at a uniform velocity from the 
centre to the outside of the disc. 


The work area OAD = Ay w? 


220 
“у 


Substituting for W, the actual quantity of 
water passing along the vanes per second, 2/2., 


-x R? 


P pounds, 


Area OA = O°. ge 
The kinetic energy of the water due to its 
tangential velocity, and the energy it has exerted 
by pressure in a radial direction, must both have 
been derived from energy supplied to the pump, 
and as the expression for either of these 
G о? К“ 


quantities is , it follows that the total 

energv per second given to the water by the 

pump is twice the amount of the kinetic energy, 
that is :— 

Со? R? 
(6g 
From this the horse-power required to drive 

the pump may be deduced, for the energy 


Total energy supplied per second = 


2 р? 
supplied per minute = 60 x gr 
2 R2 ` 
Hence, H.P, = ponr 
3300 g 


Substituting numerical values, 
H P = 20,000 x (8'37) x 5? = rl 
3300 x 32 : 
If all the energy received by the water from 
the pump were converted into potential energy, 


then in every second, ES pounds would be lifted 


6 
to a height of H feet, such that 
G Со? R? 
xH = 
6 й 6g 
2 R2 
Hence, = о. 
5 


Substituting numerical values, 


. 2 2 
H= (8 “ч 5 = 5477 feet. 


Н is the height to which the water would be 
lifted if all the energy received. were usefully 
employed, and therefore if the water is delivered 
at a lesser height (/), the hydraulic efficiency 


of the pump — n 
Taking the value of 4 as 20 feet, this effi- 


ciency =. = 36'6 per cent. 
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SPIRAL.—Draw а geometrical tangent to an 
Archimidean Spiral, and give proof. 


The characteristic property of this spiral is 
that the increase of the radius between any two 
points of the spiral is proportional to the angle 
ф between these radii, or 


"»—r-ado 


ф being in circular measure. 

If 0 is the angle which > makes with some 
fixed line in the plane, and 6, the angle 7, makes 
with the same line, then $ = 8 — 6,, and 


r-r, = a(0—60). 


Moreover, if the fixed line be chosen so that 
ry, = аб, = о (Фе. that the angle and the radius 
vanish at the same time), we have the simple 
equation 

> = ад 
for the spiral. 

We may then suppose the spiral generated 
by the end point of a revolving rod of variable 
length, the angular speed of the rod being 
uniform, and its increase in length also uniform. 

Thus, we may 
take the angle C 
turned through d 
by the rod and its 
length to be pro- 
portional to the 
time; in symbols 

0 = kt 
= a&t, 
& being any con- 
venient number 
(of course, # must 
have the dimen- 
sion of the reci- 
procal of a time). 

The angular 
speed is then &, 
and the speed 
along the radius 
is ak, 

For a point moving along a curve, the direc- 
tion of motion is along the tangent to the curve 
at that point ; hence the problem is simply to 
find the direction of the resultant velocity due 
to uniform circular and radial velocities. Let 
P be the point at which the tangent has to be 


FIG. 1.—(SPIRAL.) 


drawn, then P has a speed 1 to OP of magni- 
tude 7, and a speed along OP of magnitude a£. 
Hence, taking & = 1 for convenience set off 


PB = rz, 1 to OP, 


produce OP to A so that PA = a, complete 
the rectangle PACB, and join PC, then PC is 
the direction of the resultant velocity and the 
tangent to the curve at P. 

We see from this construction that the angle 
between the tangent and the radius vector is 
such that its tangent (trigonomcetrical) is given by 


2. An easy application of the calculus gives 
another proof of this property. 


NITROSO.—With respect to your answer to 
my previous query regarding the production of 
potassium-iron heptanitroso-sulphide, published in 
the August number of ‘*,Technics " (Vol. H., p. 195), 
I should be much obliged if you would enlighten me 
оп one point. You say, “the mixture is kept hot 
until a distinct greenish red precipitate begins to 
form, when it is filtered quickly." In my experi- 
ments, as soon as the iron solution was added to 
the other, & violent reaction took place accompanied 
by the evolution of nitrous fumes. Why is this ? 

We suggest that our correspondent should 
add the iron solution by means of a long 
capillary funnel made by drawing out a test- 
tube ; it will then be possible to allow the two 
solutions to come gradually into contact at the 
bottom of the containing vessel, and the nitrous 
fumes will thus have better opportunity to 
become reabsorbed ; it is not easy entirely to 
avoid loss, in any case. 

The liquid should be kept hot after the 
addition has been completed and unul the 
greenish-red precipitate has formed: the time 
required varies considerably in practice. 

To obtain potassium ferronitroso-sulphide 
(“potassium iron tetranitroso-sulphide " KFe 
(NO),S.2H,O, the “ heptanitroso ” (ferrinitroso) 
compound is warmed on the water bath with 
several times its weight of dilute potassium 
hydroxide ; the sparingly soluble residue being 
washed rapidly with water and dried in a 
vacuum, in presence of lime and sulphuric acid 
as dessicating agents. [t is difficult to obtain 
this compound pure, as it easily passes back 
again to the ferrinitroso-sulphide. 
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To the Editor of TECHNICS. 


DEAR SIR, —I would like to draw the atten- 
tion of Mr. Edser to a portion of his article, in 
the November number of TECHNICS, dealing 
with the future of electric heating. He says: 
“ Electric cooking utensils compare very favour- 
ably with the ordinary tire-heated appliances, 
in thermal efficiency.” I enclose a calculation 
showing that, if no heat were radiated away, it 
would cost about 4:8 pence to raise a gallon of 
water from freezing to boiling point. This sum 
would be probably materially increased owing 
to radiation. Now. as the operations of cook- 
ing demand the heating of much water, it 
follows that this method must turn out some- 
what costly. I have also shown that about 
45 lbs. of coal may be bought for this sum, and 
I should imagine that а good many gallons 
could be similarly heated with this in the 
ordinary grate. Of course, there is the large 
waste of heat and expense of preparation to be 
accounted for, but nevertheless the ordinary 
fire must be much more economical. The 
efficiency of the fire grate might become quite 
high with large (cooking) loads, but that of the 
electrical method is at its best in the calcula- 
tion. This result may prove of interest to those 
about to instal electric cooking apparatus, and 
it appears to be generally overlooked. 

I am, Sir, 
Yours sincerely, 
W. L. TURNER. 

Purley Chase, 

Atherstone. 


[An error occurs in the working forwarded by 
Mr. W. L. Turner, which materially affects the 
calculated cost of boiling a gallon of water by 
electrical means. The correct working is as 
below :— 

1 gallon = то 165. = 4,540 grams of water. 

To heat 1 gallon of water through 100? C. 
requires 

4,540 X 100 = 4°54 X 10° gram-calories. 

Equivalent in energy 

= 4'54 X 10° x 4'2 x 10! = 19:1 x Io! ergs. 

1 Board of Trade unit (B.T.U.) = 1 kilowatt 
hour = 3,600 x Io!” ergs ; 
to boil 1 gallon of water requires 
(19°1 х 10?) + (36 x то!) B.T.U.’s 

= 0:53 B.T.U. 

Thus, with electrical energy at 22d. per 
B.T.U., cost of boiling 1 gallon of water = 1° 3d. 
— EDITOR. ] 


To the Editor of TECHNICS. 


DEAR SIR,—Permit me to point out that 
there is a slight error in several of the accelera- 
tions recorded in Fip. 13, A.B.C.... F, on 
pages 4:6-7 : article dealing with Heavy Electric 
Traction :— 

2:07 should be 2705 feet per second per second, 
2°65 should be 2°64 feet per second per second, 


2°94 should be 2'03 feet per second per second. 
3:82 should be 3'81 feet per second per second. 
4'42 should be 4°40 feet per second per second. 


This last error is repeated in Table III., page 
432, last column. 

I feel sure that Messrs. Parshall and Hobart 
wil be pleased to have these inaccuracies 
altered, as the results embodied in their articles 
will undoubtedly be taken, and referred to, as 
* standards? by many electrical engineers and 
teachers of electrical engineering. 

I also wish to take this opportunity of making 
a suggestion. Some engineers prefer to check 
the results they obtain from “standard curves,” 
by a rapid calculation where possible. This 
being so, I venture to suggest the following 
* General Form” for the equation for calculating 
the acceleration interval for a schedule run 
under given conditions :— 


x-T.xrt =o 


where— 
x = acceleration interval in seconds. 
T = total time from start to stop in seconds. 


A = distance in feet from start to stop. 
6 = acceleration in feet per second per second. 


The equation in the above form is easy to 
remember, and the amount of calculation is 
reduced to a minimum by adopting some such 
standard form. The above letters are used with 
the meanings here given, in the articles by 
Messrs. Parshall and Hobart. Personally I 
prefer the following letters, as they suggest what 
they are intended to signify :— 


Small Z = time of acceleration in seconds. 


Capital T = time for complete run in seconds. 
Capital D = distance of run in feet. 
Small а = acceleration in feet per second per 


second. 
The equation then becomes :— 


-T44 Р = о. 
a 


Yours faithfully, 
S. IRwIN CROOKES. 
Battersea Polytechnic, London, S.W. 
December 10th, 1904. 


RESULTS OF NOVEMBER COMPETITIONS. 


ELECTRIC TRACTION. 

FIRST PRIZE, £1 10s.—Albert Beeston, 45, 
Beech Avenue, Sherwood Rise, Nottingham. 

SECOND PRIZE, £1.—J. D. W. Ball, 71, 
Brooklyn Street, Crewe. 

THIRD PRIZE, 105, —E. G. Kennard, Manor 
Cottage, Lee, S.E. 

HoNOURABLE MENTION :—W. E. Ayres; 
Harold Slicer; George Keinath; D. Fulton; 
T. M. Barlow; Н. A. Stewart; R. Proudlove ; 
C. H. Finnis; Albert Н. Marshall. 


MECHANICAL ENGINEERING. 


PRIZE, £3.—Divided equally between two 
competitors : Jesse Haigh Baxter, 17, Woodland 
Road, Gorton, Manchester ; Harold Slicer, 37, 
Crofton Road, Camberwell, S.E. 

SPECIAL HONOURABLE MENTION: 
Lester ; Arthur Gadd. 


ELECTRIC HEATING. 
PRIZE, 3. — 5. Irwin Crookes, 113, Heythorp 
Street, Southfields, S.W. 
SPECIAL HONOURABLE MENTION : 
Jepson ; William B. Clarke. 
HONOURABLE MENTION : John Clarke. ` 


COLOUR PHOTOGRAPHY. 

First PRIZE, £1 10s.—Ernest G. Beach, 
100, Cowley Road, Brixton, S.W. 

SECOND PRIZE. £1.—John R. Mcllwraith, 
4, Harcourt Buildings, Temple, E.C. 

THIRD PRIZE, 10s.—Oswald J. Harding, 79, 
Cecil Avenue, Bradford. 

SPECIAL HONOURABLE MENTION: Harry W. 
Наг; R. T. Hancock ; Robert H. Buckie ; 
Harry F. V. Little ; J. C. M. Garnett ; E. H. 
Higgins; D. E. Synan ; George 5. Whitby ; 
James Augustus Robertson ; George Lees ; 


Н. С. 


Albert E. 


Wm. D. Ross; Ernest J. Taylor; Edgar P. 
Hedley; B. J. Eaton; Gerald Henniker ; Harold 
Slicer ; Ellis Clayton; Н. A. Stewart; S. Irwin 
Crookes ; Ernest W. Sanders. 

HONOURABLE MENTION: Alfred Howard 
Garner; W. E. Avres; Douglas Wait; D. 
Fulton; Edwin Royce; Frederick Hickey; 
H. H. Francis Hyndman ; Robert Ure ; W. H. 
Grinsted; F. C. A. H. Lantsberry: G. F. 
Harrison ; Stanley E. Gritton ; Fred. Scholefield. 


TEXTILE INDUSTRIES. 

FIRST PRIZE, £2.—Fred. Southworth, 18, 
High Street, Bolton, Lancs. 

SECOND PRIZE, £ 1.— Robert Fish, 47, Edward 
Street, Farnworth, near Bolton. 

SPECIAL HONOURABLE MENTION : 
Tytler; Frederic Stones. 

ELECTRO-MAGNETIC THEORY. 

PRIZE, £5.—Divided equally between tw 
competitors : A. С. Lee, Fairheld, Eaton Park 
Road, Winchmore Hill, N.; H. H. Francis 
Hyndman, 27, Pembroke Square, Kensington, W. 

SPECIAL HONOURABLE MENTION : Charles 
Percy Hines; Jas. A. Robertson ; Samuel Lees; 
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Arthur C. Beach; Harold Slicer; S. Irwin 
Crookes. 
HONOURABLE MENTION: W. Tolerton; 


Н. А. Stewart. 
THEORY OF STRUCTURAL DESIGN. 

FIRST PRIZE, Z 3.—H. Rigby, 129, Cavendish 
Road, Balham, S.W. 

SECOND PRIZE, Z2.--D. E. Synan, 36, Cecil 
Street, Limerick. 

SPECIAL HONOURABLE MENTION: 
Gadd. 

HONOURABLE MENTION: 
S. Irwin Crookes. 


Arthur 
Harold Slicer; 


RESULTS OF DECEMBER COMPETITIONS. 


CHEMICAL ENGINEERING. 


PRIZE, Z3.—B. J. Eaton, 37, Belitha Villas, 
Barnsbury Park, N. 

SPECIAL HONOURABLE MENTION: 
Hutchinson; Rowland L. Goold; 5. 
Crookes. 

HONOURABLE MENTION : Harold Slicer. 


MECHANICAL ENGINEERING. 


PRIZE, £3.—Divided equally between two 
competitors : Harold Slicer, 77, Bellenden Road, 


Harry 
Irwin 


Peckham, S.E.; A. E. Linnell, 11, Brewery 
Street, Chesterfield. 
SPECIAL HONOURABLE MENTION: Н. A. 


Stewart ; S. Irwin Crookes. 
HONOURABLE MENTION : Edwin Roscoe. 


COTTON SPINNING. 
PRIZE, £3.—A. W. Bricrley, 9, Belgrave 
Street, Meanwood, Rochdale. 
SPECIAL HONOURABLE MENTION: J. E. 
Tytler ; Harold Taylor. 
HONOURABLE MENTION: Robert Marcroft ; 
S. Irwin Crookes ; Charles Barnshaw. 


ELECTRICAL ENGINEERING. 


PRIZE, £3.—Joseph Rafton, Knowsley Park, 
near Prescot, Lancashire. 


SPECIAL HONOURABLE MENTION: Cecil 
Howard ; Н. A. Stewart ; Н. G. Trust. 
HONOURABLE MENTION : S, Irwin Crookes ; 


John Wilson. 
ELECTRO-MAGNETIC THEORY. 

FIRST PRIZE, Z3.—Mildred E. Macken, 52, 
West Side, Wandsworth Common, S.W. 

SECOND PRIZE, Z1 105.—Samuel Lees, 1, 
Trafalgar Street, Broughton, Manchester. 

THIRD PRIZE, tos.—Charles P. Hines, The 
Grammar School, Dartford, Kent. 

SPECIAL HONOURABLE MENTION: Thos. H. 
Collett; С. Reucastle Grieve; B. J. Field ; 
John Р. Dalton; 5. Irwin Crookes. 

HONOURABLE MENTION: К. Н. Greaves ; 
Hilton Grace; Joseph W. Beswick; Н. H. 
Francis Hyndman. 

THEORY OF STRUCTURAL DESIGN. 

FIRST PRIZE, £3.—Percy J. Robinson, En- 
gineer's Dept., District Offices, Hamilton, N.B. 

SECOND PRIZE, £1 105,.—D. Е. Synan, En- 
gineer's Office, G. S. & W. Railway, Limerick. 

THIRD PRIZE, 105. — Harold Slicer, 77, 
Bellenden Road, Peckham, S.E. 

SPECIAL HONOURABLE MENTION : Arthur 
Gadd. 

HONOURABLE MENTION: J. D. W. Ball. 


The name of the TECHNICS Prizeman will be announced in/the March! number. 


N Optical Convention will be held in 
London at a date towards the end of 
May, 1905, in the buildings of the 
Northampton Institute, Clerkenwell, 
E.C., which have been. kindly placed 
at the disposal of the Committee by the Govern- 
ing Body. The main object of the Convention 
is to bring into close sympathy and co-operation 
men interested in optical matters, from all sides 
of the question—theoretical, practical and com- 
mercial, This it 15 proposed to do by holding a 
series of mectings for papers and discussions on 
optical questions. A“ Papers” Sub-Committee 
has been appointed, with Prof. S. P. Thompson 
as Chairman, and Mr. 5. D. Chalmers. as 
Secretary. This Sub-Committee is considering 
the subjects of the papers which should be 
brought before the Convention, and suggestions 
sent to the Secretary as to papers or subjects 
for discussion will be gladly welcomed. It has 
also been decided to organise an. Exhibition, of 
a Scientific. character, of instruments manufac- 
tured in this country, with a view to showing 
the grcat progress recently made, and of stimu- 
lating further efforts. A unique opportunity will 
thus be afforded of bringing optical instruments 
to the notice of manufacturers, of scientine men, 
and of the public. 

IN reviewing Barnard and Child’s “ New 
Geometry for Schools" (January TECHNICS, 
page 91), the price of this book was given as 
95. net, instead of 4s. 6d. We must apologise 
for this error. 

A LIMITED number of Teacherships-in- 
training, tenable at the Metropolitan School of 
Art, Dublin, will be open for competition at the 
beginning of the Session 1905-6. Candidates 
must forward Form 5. 3, properly filled up, so 
as to reach the offices of the department not 
later than April 29th. Form S. 3 may be ob- 
tained, after February Ist, 1905, upon application 
to the Secretary, Department of Ayriculture 
and Technical Instruction for Ireland, or to the 
Reyistrar, Metropolitan School of Art, Kildare 
Street, Dublin. 

WE have received a copy of “ Phillips's 
Machinery Register," а monthly publication 
which has now been issued for thirty-one years, 
It contains a comprchensive list of good second- 
hand and new machinery of every description 
for sale. It also has an“ Electrical and Autocar 
Supplement” connected with it. Both catalogues 
should prove useful to those looking out for 
bargains in good second-hand plant, espectally 
electrical plant and automobiles. 

THE 600-H.P. Westinghouse steam turbo- 
generator, installed in the Palace of Machinery 
at the St. Louis Exposition, was shut down on 
Friday, December 2nd, after a continuous run 
of 3,962 hours. It was found to be in perfect 
condition, and there were no signs of wear, the 
bearings still retaining the tool marks as they 
had come from the shops. During the five-and- 
a-half months that the unit was in operation, it 
supplied current for light and power throughout 
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the Westinghouse exhibits in the Palaces of 
Machinery, Electricity, and Transportation. 

THE Council of the Iron and Steel Institute 
will shortly proceed to award a research scholar- 
ship, or scholarships, founded by Mr. Andrew 
Carnegie. Candidates must be under thirty- 
five years of age, and must apply to the Secretary 
of the Institute, on a special form, before the 
end of February. The object of the scholar- 
ships is to provide post-graduate students with 
a means of conducting researches in the metal- 
lurgv of steel, and allied subjects. 

WE have received an interesting pamphlet on 
“The Detection of Adulterants in Sumach by 
Microscopical Examination,” by M. Chas. 
Lamb, F.C.5. The author finds that when the 
sumach leaf is heated in a 50 per cent. solution 
of nitric acid, its cuticle swells up and forms 
what is called *sumach wreck." Other leaves 
commonly used to adulterate the sumach are 
not similarly atfected, so that their presence can 
be easily detected. 

TO what extent modern well-made clectrical 
machinery will stand ill usage is strikingly 
demonstrated by the following incident that 
occurred recently in the United States. The 
New England Building at Cleveland, Ohio, is 
electrically lit throughout by a plant consisting 
of three Westinghouse 62 5-k.w. engine type 
generators, installed in the basement. Through 
some carelessness, this building recently became 
the scene of a rather serious hre. The heat to 
which the machines were subjected was sufficient 
to completely burn away the insulation on the 
outside of the field coils, and for an hour they 
were played upon by six hose-pipes ; but within 
an hour of the extinction of the fire the first of 
these machines was carrying its full load, and 
another followed suit in a short time—the two 
dealing with the entire lighting of the building 
that, under normal conditions, was negotiated 
with three machines. 

THE Rev. Father O'Toole, of Black Rock 
College, Dublin, has invented a very useful form 
of extensimeter for measuring the coefficient of 
linear expansion of metal rods. Unlike other 
instruments designed for the same purpose, that 
due to Father O'Toole utilises a sensitive level 
to indicate. the expansion of the rod: one 
extremity of the level is supported on the upper 
end of the rod experimented on, and the other 
extremity of the level can be raised or lowered 
by the aid of a micrometer gauge. Ву this 
means an instrument is obtained which, while 
possessing considerable accuracy, can be sold at 
a moderate price. The instrument is made by 
Philip Harris & Co., Ltd., 144, Edmund Street, 
Birmingham. 

А COURSE of ten lectures on “ Enzymes” will 
be delivered at University College, London, by 
Dr. W. M. Bayliss, F.R.S., the first lecture being 
on January 18th. "These lectures are open to 
all internal students of London University, and 
also to medical men on presentation of their 
cards. 


Digitized by Google 


ERNST ABBE. 


From an etching, by ‘permission. 
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HE death of Professor Ernst 

Abbe, which occurred early 

in January, has left the 

world the poorer by the loss 

of an eminent man of science 

whose life was devoted to 

the furtherance of technical 

progress. Professor Abbe will long be re- 

membered, not only as an original investigator 

Ernst Abbe Whose researches gave rise to 

the development of an important 

manufacturing firm, but also as a warm-hearted 

philanthropist who lived to witness the 

success of a scheme of social reform for 

which he was alone responsible. ‘To-day, 

the Carl Zeiss “Stiftung” (or trust) forms 

the most fitting monument to the technical 

ability and philanthropic zeal of Abbe ; the 

English translation* of a book from the pen 

of Professor Auerbach opportunely gives an 

authentic account of that most remarkable 
technical and social enterprise. 

Ernst Abbe was bornon January 23, 1840; 
his father was a foreman in a spinning mill 
at Eisenach. After studying at the universities 
of Jena and Gottingen, the young man 
became a teacher of mathematics and 
physics, and in 1870 was appointed as 
extraordinary professor at the University of 
Jena. At this time Abbe had already 
become associated with Carl Zeiss, and his 
subsequent biography is little more than a 
history of the development of the Zeiss firm. 
In 1846asmall workshop forthe manufacture 


* The Zeiss Works and the Carl-Zeiss Stiftung in 
Jena: their Scientific, Technical, and Sociological 
Development and Importance popularly described. 
By Felix Auerbach. Translated from the Second 
German Edition by Siegfried. Paul and Frederic J. 
Cheshire. pp. уш. + 146, with 86 illustrations. 
(London: Marshall, Brookes and Chalkeley, Limited, 
1905.) Price 25. 6d. net, 
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of optical and other philosophical instruments 
was opened, near the University at Jena, by 
Carl Zeiss. Zeiss was the son of a toy-shop 
proprietor, and had served his apprenticeship 
as a mechanical engineer. The optical 
instruments, mostly microscopes, which Zeiss 
at first manufactured were neither better nor 
worse than those made elsewhere; but 
financial success attended his efforts, and 
most men in his place would have been con- 
tent to let well alone and to enjoy a modest 
prosperity. Zeiss, however, was of a different 
cast; he was ambitious to improve the 
design of optical instruments, and devoted his 
spare time to study in order to fit himself for 
this task. Very soon it became apparent to 
Zeiss that he would have little chance. of 
acquiring the knowledge which he needed; 
but though his immediate wishes were thus 
frustrated, the studies which he had under- 
taken had not been without value, for they 
led him to appreciate the necessity of the 
knowledge which he had sought, but failed to 
obtain. 

At this juncture Zeiss met Abbe, who was 
a mathematical physicist, unacquainted with 
the practical aspect of opto-technics. Аз a 
result of many consultations and discussions, 
these two men decided to devote their futures 
to the improvement of optical apparatus. 
This was a bold step for either of them— 
especially for Zeiss, to whom a failure in the 
new undertaking would mean financial ruin. 
It was clearly realised by both Abbe and 
Zeiss that no immediate success could be 
hoped for ; indeed, the first efforts to bring 
optical design and construction. under the 
exact rule of science could scarcely be hoped 
to give such good results as the rule-of- 
thumb methods previously employed; for 
these latter were the result of a vast amount 
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of experience, even if this was of a blundering 
nature. What was aimed at, however, was 
ultimate success; and to this end long 
investigations were undertaken with a view to 
determine. what might һе done if glass of 
particular properties could be obtained. As 
a result, the kind of glass that was required 
was definitely determined, and in a report on 
the South Kensington Loan Exhibition (1876), 
Abbe wrote: “ ‘The future of the microscope, 
as regards further improvements 1п its dioptric 
qualities, seems to he chictly in the hands of 
the glass-maker.” ‘The difficulty was, how- 
ever, to find a glass-maker who would devote 
time and labour to the scientific study of 
glass manufacture ; this was only natural, as 
the amount of optical glass used in the whole 
world 15 notgreat, and therefore noconsiderable 
financial profit could be anticipated, even if 
the required. glasses should at last be 
produced. 

Abbe's report fell into the hands of Dr. 
Otto Schott, a glass-maker of Witten in 
Westphalia. After communicating with Abbe, 
Schott undertook, in 1881, a series of re- 
searches with the object of determining the 
relation between the optical properties of 
glass and its chemical constitutions. In 1882 
Schott. removed to Jena: aided by a grant 
from the Prussian Minister of Education, the 
experiments were satisfactorily concluded, 
and an almost ideal microscope became a 
practical possibility. Further, the financial 
success, which could scarcely have been hoped 
for, was nevertheless realised; for in the 
systematic study of glass manufacture 
valuable results had been obtained, which led 
to the wholesale production of glass with 
properties which were in requisition on a 
large scale. To-day everyone is familiar 
with the usefulness of Jena glass, not only in 
the laboratory, but in the arts. 

A detailed account of Abbe’s researches in 
connection with the microscope would here 
be out of place; we must pass over several 
years of steadily increasing success to the 
Zeiss firm, until we come to 1888, at which 
date Zeiss died, and the whole of the 
management of the firm soon fell on Abbe. 
Abbe had not worked with the object of 
accumulating wealth, and when wealth came 
to him he put it aside. The firm was con- 
verted into the “Carl Zeiss Stiftung "—a 
co-operative association in which the profits 
are shared amongst the workers, and elaborate 
arrangements are made to provide for the 
sick and aged. According to this arrange- 
ment, no one connected with the ‘Stiftung ” 
can receive a salary exceeding ten times the 


average yearly earnings of a workman of 
twenty-four years standing, who has been at 
least three years with the firm ; Abbe himself, 
after the formation of the Stiftung, received 
only the salary specified above. The 
working day 1s fixed at eight hours, and it 
has been found that in this time a worker 
does, on an average, 4 per cent. more work 
than in a nine hours day. 

Enough has, we hope, been said to justify 
the statements made at the head of this 
notice; we may now proceed to the des- 
cription of a few novel and interesting 
instruments made by the Carl Zeiss Stiftung. 


THE Zeiss optical works at Jena have 
attained a position of such importance in the 
technical world, and have effected 
so many important improvements 
in the design and manufacture of 
optical instruments, that Professor Felix 
Auerbach’s account of these works is of 
peculiar interest. As the result of patient 
researches, new kinds of glass have been 
produced ; by the use of these, many of the 
most troublesome defects of telescopes and 
microscopes have been minimised, and even 
eliminated. Further, by the ingenious appli- 
cations of optical principles, many instruments 
have been brought to a state of perfection 
which has never before been reached, and 
some essentially novel instruments have been 
produced. At present we must confine our 
attention to improved forms of telescopes 
introduced by the Zeiss works. 

The object glass of a telescope forms an 
inverted image of distant objects in its focal 
plane. When the telescope is used for 
astronomical purposes, the image may be 
viewed directly by the aid of an eye-piece, 
which essentially serves the purpose of a 
magnifying glass; in this case, the inversion 
of the image is of no consequence. ‘The 
length of such a telescope 1s, however, very 
considerable, for the distance from the object 
glass to the real image which it forms is 
equal to the focal length of the object glass, 
and the distance from this 1mage to the eye- 
piece lens must be equal to the focal length 
of the eye-piece ; consequently the length of 
the telescope is equal to the arithmetical 
sum of the focal lengths of the object glass 
and eye-piece. 

For observing terrestrial objects, it is 
essential that the image seen shall be erect; 
to secure this end two different arrangements 
have been adopted. 

In the Galilean telescope, the eye-piece 
lens is divergent; it is placed in such a 
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position that the rays from the object glass 
fall on it before they form a real image, with 
the result that the real image is not formed, 
and the image seen is virtual and erect; in 
this case the length of the telescope is equal 
to the arithmetical difference between the 
focal lengths of the object glass and eye- 
piece, so that it is less than that of an 
astronomical telescope. ‘This arrangement 
has been very generally used in the con- 
struction of opera-glasses. In recent years 
these have nearly always been made in the 
binocular form, and indeed the name * opera 
glasses" has become so closely associated 
with this form that it is curious to retlect that 
fifty years ago opera-glasses were monocular, 
as can be seen, for instance, in some illus- 
trations of ‘Thackeray’s * Vanity Fair.” The 
image formed by the Galilean arrangement is, 
however defective and of unequal brightness, 
so that it is never used where 
high magnification is required. 
In the ordinary terrestrial 
telescope, a special lens or lens 
system 1s employed to render 
the observed image erect. If an 
object is placed at a distance 
from a convergent lens equal to 
twice the focal length of the 
latter, then an inverted image of 
the same size as the object will 
be formed on the opposite side 


Fic. I. of the lens, at a distance from 
ee stim, this equal to twice its focal 


Zeiss Figup length. ‘The distance from ob. 
Grass. ject to image is equal to four 


times the focal length of the lens : 


this is the smallest distance between an object 
and its real image obtainable with a given 
convergent lens. In the terrestrial telescope 
the real inverted image formed by the 
objective serves as the object for the erecting 
lens; the distance from the inverted image 
to the erecting lens is equal to twice the 
focal length of the latter; the resulting 
image, formed on the opposite side of the 
lens, is once more inverted, so that it agrees 
with the object, and can finally be viewed by 
the aid of a suitable eye-piece. A terrestrial 
telescope made on this system does not 
suffer from the defects associated with a 
Galilean telescope; but the length of the 
terrestrial telescope is necessarily very great, 
since it must exceed that of an astronomical 
telescope by four times the focal length of the 
erecting system. 


In 1875 Prof. Abbe constructed a terrestrial 
telescope on a new plan, without using any 
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erecting lens system. The length of this 
telescope was about one-third of the length 
of an astronomical telescope of 
the same magnifying power. The 
principle оп which this result 
was obtained depends on the fact that, 
although the distance from the object glass to 
the image, measured along the rays which form 
the image, must be equal to the focal length 
of the objective, yet the rays need not proceed 
in a continuous straight line, but may be 
reflected backwards and forwards by a suitable 
arrangement of mirrors. In practice it has 
been found that better results may be 
obtained by using reflecting prisms in order 
to change the path of the rays, since silvered 
mirrors continually need re-polishing. 

The optical arrangement adopted in the 
Zeiss prismatic field glasses is shown іп 
Fig. т. The arrow indicates a ray from the 
object; after passing through the object glass, 
this ray is twice internally reflected by а 
rectangular 
prism, its direc- 
tion being thus 
reversed; two 
more reflections 
by a second 
rectangular 
prism once 
тоге FEVETSE Fig, 2.—TO EXPLAIN INVERSION 
the direction of propuckn BY DOUBLE REFLEC- 
the ray, which tron IN RECTANGULAR PRISM. 
then proceeds 
parallel to its original direction, and passes 
through the eye-piece to the eye of the 
observer. Thus the instrument is reduced to 
about one-third of the length that would be 
necessary if the reflecting prisms were absent. 
‘The prisms also serve to render the final 
image erect. ‘To understand their action in 
this respect, we may refer to Fig. 2. It will 
be seen that if two parallel rays in a vertical 
plane are twice reflected by a rectangular 
prism of which the axis is horizontal, then the 
ray which was originally the upper, will finally 
be the lower of the two: this would produce 
a partial inversion of the image, in so far as 
its upper would become its lower end, and 
vice versá. It is also, however, necessary to 
produce a lateral inversion, the right side of 
the image being transformed to the left side, 
and vice versa; this end is accomplished by 
placing the second prism with its axis at 
right angles to that of the first one (Fig. 1), 
when one prism eflects а longitudinal, and 
the other a lateral inversion of the image. 
This point may be made clearer by reference 
to Fig. 3, which, shows the isometric pro- 
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jection of two rays reflected by four 
rectangular prisms. It is clear that each pair 
of prisms can be combined without altering 
the final result. Fig. 4 shows the optical 
arrangement, and Fig. 5, the general ap- 
pearance, of the Zeiss binocular field 
glasses. 


ANOTHER novel instrument due to the 
Zeiss firm is the stereo-telescope. As will be 
seen from Fig. 6, the telescope 
consists of two tubes mechanically 
connected by means of a hinge. 
The light enters that end of either tube 
which is remote from the hinged connection : 
its initial direction is perpendicular to the 
axis of tubes, but after being once reflected 


The Stereo- 
Telescope 


FIG. 3.—ISOMETRIC PROJECTION OF Two Rays 
REFLECTED INTERNALLY BY FOUR PRISMS. 


by a rectangular prism, it follows the direction 
of the axis of the tube till, near the hinged 
end, it is three times reflected by means of a 
combination of two rectangular prisms. The 
path of the rays will be easily understood on 
reference to Fig. 7. It is obvious that this 
form of telescope may be used to look round 
an obstacle; a more important property is 
that an enhanced stereoscopic effect is 
produced. 

Let a hand be held edgeways in front of 
the face; then it can easily be observed, by 
closing first one eye and then the other, that 
the two eyes gain very different views of the 
hand. When the hand 15 seen by the aid of 
both eyes simultaneously, the different images 


Ес. 4.—SECTIONAL PLAN AND ELEVATION OF 
ZEISS FIELD GLASSES. 


formed on the retinas of the two eyes 
produce but a single sensation, and create 
the impression of solidity. It is well known 
that by this means we habitually estimate the 
relative positions of objects which are not 
very far away ; with respect to distant objects 
little stereoscopic effect is produced, since 
the distance between the two eyes subtends 
but a small angle at a distant point, and 
therefore the images impressed on the two 
retinas are practically indistinguishable. 

In using the stereo-telescope (Fig. 6), 
the stereoscopic effect produced is similar to 
that which would be observed by our unaided 
eyes if these were as far apart as the two 
outer ends of the telescope, 2.4. from о"5 to 
1°5 meter, according to the size of the 
instrument, Consequently, when fairly distant 
objects are viewed by the aid of the stereo- 
telescope, the nearer ones appear to “stand 
out" from those farther away, much as objects 
close to the observer do in ordinary vision. 


Fic. §.—THE ZEIss FIELD GLASSES. 
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Fic. 6.—Zkiss STEREO-TEIESCOPE. 


As just explained, distant objects when 
viewed by the aid of the stereo-telescope 
stand out in bold relief; this 
suggests that a stereo-telescope 
could be used to find the 
distances from the observer to fairly remote 
objects. This result has been achieved in 
the Zeiss stereoscopic range-finder. The 
principle of this instrument may be explained 
as follows: Let us suppose that a row of 
equidistant posts (shown in the plan in the 
upper part of Fig. 8) stretches away straight 
in front of the observer; then if R and L 
` indicate the respective positions of the right 


Stereoscopic 
Range-finder 


Fic. 7.—OPTICAL ARRANGEMENT, STEREO- 
TELESCOPE, 


and left eyes of the observer, lines drawn from 
the various posts to R and L will coincide 
with the rays by which these posts are seen. 
Let A B be the trace of a vertical plane in 
front of the observer, and let the points in 
which the rays cut this plane be noted ; then 
if perspective views of the posts (similar to 
those shown in the lower part of Fig. 8) are 
drawn in their proper positions in the plane 
A B, and are stereoscopically viewed, the 
appearance presented will agree exactly with 
that produced by the actual posts when viewed 
with both eyes. 

‘Now let us suppose that the same row of 
posts (the distance between two adjacent 
posts being, say, one hundred yards) are 
viewed with the stereo-telescope (Fig. 6). 


Separate real images are formed in front of 
the two eye-pieces, and on viewing these 
images through the eye-preces an enhanced 
stereoscopic effect is obtained, owing to the 
considerable distance between the two 
receiving apertures of the telescope. If the 
images viewed through the eye-pieces were 
photographed, and the photographs were 
placed in front of their respective eye-pieces, 
then on looking into the telescope the im- 
pression gained would be that of a row of 
posts -stretching away from the observer, in 
enhanced stereoscopic relief. If we now 
direct the telescope toward any distant object, 
this also will be seen in stereoscopic relief, 
and it is easy to determine which two of the 
posts it lies between; hence, the distance of 
the object can be determined at a glance with 
considerable accuracy. [In practice, two 
engraved and numbered scales are placed in 
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Fic. 8.— To EXPLAIN PRINCIPLE OF STEREOSCOPIC 
RANGE-FINDER. 
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the eyepieces, in place of the photographic 
representations mentioned above; but it is 
plain that if the various divisions coincide 
with the positions occupied by images of the 
equidistant posts, then we obtain a scale 
which, when seen in stereoscopic relief, gives 
us the means of determining the distances of 
remote objects. When the distance between 
the receiving apertures of the telescope is 
I'5 meters, and the magnifying power of the 
instrument is 23, the error in determining a 
distance of about 1,000 meters does not 
exceed 4 or 5 meters ; when the distance to 
be determined is about 3,000 meters, the 
error amounts to about 4o meters. 


SEVERAL years ago Messrs. Siemens and 
Halske started an investigauon with the aim 
of finding some substance which 
could be profitably used in place 
of carbon in the construction of electric 
incandescent lamps. ‘The task of carrying 


Tantalum 


out the preliminary chemical and physical 
research was entrusted to Dr. W. von Bolton, 
who has examined a great number of sub- 
stances with exemplary care and patience, 
and has succeeded in finding one which may 
ultimately prove a successful rival to carbon. 
It is well known that the proportion of white 
light emitted, for a given expenditure of 
energy used in heating a substance, increases 
progressively with the temperature to which 
the substance is raised ; hence the problem 
attacked by Dr. Bolton consisted in finding 
a substance of very high melting point which 
could be formed into thin filaments suitable 
for the manufacture of incandescent lamps. 
The higher the resistivity of the  sub- 
stance, the greater would naturally be the 
chance of success; for a substance of low 
resistivity would need to be formed into a 
filament of such great length that it would be 
difficult to arrange it within a bulb of 
reasonable dimensions. 
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FIG. 9.—STEREOSCOPIC RANGE-FiNDER, MOUNTED READY FOR-—USE. 
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Dr. Bolton first reduced vanadic pentoxide 
electrolytically, but found that the melting 
point of vanadium was too low for the 
purpose in view. In the same group as 
vanadium are the metals niobium and 
tantalum, the atomic weight of niobium 
being twice, and that of tantalum four times 
the atomic weight of vanadium. Experiments 
carried out with regard to niobium showed 
that its melting point, though higher than that 
of vanadium, is still too low for this metal to be 
used in connection with electric glow lamps ; 
consequently tantalum was next tried, in the 
hope that its greater atomic weight would 
be associated with a higher melting point. 
Potassium tantalo-fluoride was reduced in the 
manner prescribed by Berzelius and Rose; 
it was found that the finely divided tantalum, 
if melted in a vacuum, parts with its occluded 
gases, and can be rolled into strips or 
flaments. The properties of tantalum are 
very interesting. This metal is not attacked 
by boiling hydrochloric acid, aqua regia, 
nitric acid, or sulphuric acid; it is also 
indifferent to alkaline solutions. It is 
attacked solely by hydrofluoric acid. Thin 
filaments, when ignited, burn with a low 
intensity and no visible flame. At a low red 
heat it absorbs hydrogen as well as nitrogen, 
and forms with these a brittle substance of 
metallic appearance. It also forms a number 
of carbides, all of which are very brittle. It 
appears that the substance obtained by 
Moissan, and supposed by that investigator 
to have been tantalum, was in reality one of 
these carbides. Pure tantalum has a density 
of 16:8 grams per cubic centimeter ; its atomic 
weight is 183, and its specific heat is 00365, 
so that the * atomic heat" is 6:64, which 15 
in agreement with Dulong and Petit's law. 
Tantalum 1s somewhat darker than platinum, 
and has a hardness about equal to that of 
mild steel ; it, however, is stronger than steel, 
its tensile strength having the exceptionally 
high value of 95 kilograms per square 
millimeter, or 6o British tons per square inch: 
according to Kohlrausch the tensile strength 
of steel lies between 45 and 5o tons per 
square inch. The electrical resistivity of 
tantalum is equal to 16°5 microhms рег 
centimeter cube, or ten times that of copper ; 
and between o? and 100° С. its temperature 
coefficient (increase in resistance per degree 
rise of temperature for each ohm at o°) is 
equal to o*003. When a tantalum filament 15 
used in an electric glow lamp, its temperature 
being such that 1°5 watts produce 1 candle- 
power, the resistivity rises to 83 microhms 
per centimeter cube. The coefficient of 
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thermal expansion of tantalum is equal to 
7'9 X 10-5, while that of platinum is 
g'o X 1o-$, 


THE task of making a commercial lamp 
from tantalum was entrusted to Dr. О. 
Feurlein: the intrinsic difficulty The 
of this task can scarcely be over- Tantalum 
rated. А rro volt lamp pro- Lamp 
ducing a light equivalent to 25 to 32 candle- 
power must have a filament rather more than 
2 feet long, if the diameter of the filament is 
equal to o’o5 millimeters, the smallest 
diameter which could be used with any 
chance of success. ‘The way in which this 
difficult problem has been solved can be seen 
from Fig. 1o, which represents a rro volt, 
25 candle-power lamp. ‘The filament is 
65 centimeters in length, and is wound in a 
zigzag course between a number of metallic 
arms fused into a central glass support. ‘lhe 
mass of a filament is 0'022 grams, so that 
23,000 lamps would together contain about a 
pound of tantalum. ‘This lamp can be used 
so that a power expenditure amounting to 
I'j watts produces 1 candle-power; under 
these conditions a lamp lasts 400 to боо 
hours in actual use before the efficiency 
diminishes 20 per cent. Some specimens 
have proved to have a useful life of as much 
as 1,200 hours ; most last as long as 8oo to 
1,000 hours before becoming useless. 

As in the carbon filament lamp, the 
efficiency of the tantalum lamp increases 
during the first few hours by about 15 to 20 
per cent.; during this interval the resistivity 
of the filament diminishes, а larger current 
passes, and a higher temperature is acquired, 
so that the power consumption drops to 1'3 
Or I'4 watts per candle-power. After this 
the efficiency slowly diminishes, so that after 
1,000 hours the power consumption amounts 
to 2°r or 272 watts per candle: Ап old 
lamp can be easily distinguished from a new 
опе, since the filament acquires a peculiar 
glistening appearance with age. 


THE tantalum lamp possesses the very 
obvious advantage over the carbon filament 
lamp, that whereas the latter 4 буалар 
cannot be safely run with а of the 
smaller power expenditure than Tantalum 
about 3 watts per candle-power, Lamp 
the tantalum lamp can be run at 1'5 watts 
per candle-power. It has another important 
advantage which must not be overlooked. 
The resistivity of carbon decreases with a 
rise of temperature, so that a temporary 
increase of voltage causes,the resistance of 
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the carbon filament lamp to decrease, with 
the result that the power expended increases 
much more quickly than the voltage. 
Consequently a comparatively small fluctua- 
tion in the voltage is sufficient to “ burn out” 
a carbon filament glow lamp; if it were not 
for this instability of the carbon filament, 
fluctuations in the supply voltage, much larger 
than those which are now considered pro- 
hibitively high, woultl be quite permissible ; 
and thousands of pounds which must now be 
expended in laying down low resistance 
mains'would be saved. ‘The tantalum fila- 
ment, owing to its positive temperature 
coefficient, is stable over very wide fluctua- 
tions of voltage: thus a 110 volt, 25 candle 
power lamp will not be destroyed, even by 
raising the voltage to 260 or 3oo volts, 
provided the rate of increase is fairly gradual. 
As compared with the Nernst lamp, the 
tantalum lamp has the advantage that the 
filament glows directly on the circuit being 
closed. As compared with the osmium 
lamp, the chief advantage of the tantalum 
filament is that it is much stronger than the 
filament of osmium, so that it is possible to 
make lamps for fairly high voltages. Hence 
it appears that the tantalum lamp has a future 
of great promise before it. It can hardly be 
sald at present to have entirely passed the 
experimental stage, but we cannot but look 
forward with hope to its future success. 


THE process of water softening was des- 
cribed in the January number of TECHNICS, 
pp. 5 to 7, where reference was 
made to one of the commercial 
forms of water softeners. Another 
commercial process of the greatest value is 
that known as the Archbutt-Deeley process, 
plant for which is made by Messrs. Mather 
and Platt, Ltd. In this process large quantities 
of water are softened at a time in a tank, or a 
number of tanks, which also serve to store the 
softened water ready for use. The nature of 
this plant is shown diagrammaticallyin Fig. 12, 
which represents a double tank plant. The 
hard water is admitted at H, near the bottom 
of the tank, until the level of the water 
reaches a gauge mark. Meanwhile, the 
chemicals used in softening the water are 
weighed out, and boiled up in the chemical 
tank C, by means of live steam. Some 
waters require also the addition of a little 
aluminoferric : this is conveniently prepared 
in the form of a standard solution, of which 
a measured volume is added to the hard 
water after the other chemicals have been 
mixed with it. 
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Fic. 10.— THE TANTALUM LAMP. 


THE method by which the softening re- 
agents are added to the hard water is as 
follows. Steam is blown down- 
wards through the blower B; and 
a tap having been opened, the 
water in the tank is drawn 
upwards through the rose R, and finally 
forced downwards through the vertical pipe 
V, and then discharged into the tank through 
perforations in the upper horizontal pipes P. 
By opening another tap, the chemical solution 
is drawn from the tank C and mixed with 
the hard water as it descends the vertical 
pipe V. In a very short time the whole of 
the water in the tank will have been mixed 
with the softening re-agents, and the calcium 
and magnesium salts will have been separated 
according to the equation given in the January 
number of TECHNIcs. ‘The precipitate is, 
however, in a very fine state of division, with 
the result that it would naturally settle very 
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slowly; it has been found, however, that 
if the precipitate from a previous operation 
is mixed with the contents of the tank, 
the whole of the new precipitate will be 


CROSS SECTION. 


FIG. 12.—WATER-SOFTENING PLANT. 


PART LONGITUDINAL SECTION; PART ELEVATION 


carried down in a very short time. То effect 
this result, the air tap T is opened, and the 
blower draws in air, which, by turning a cock 
provided for that purpose, is forced down- 
wards and discharged from perforations on 
the lower side of the horizontal pipes Q. 
The air is thus blown through the precipitate 
from previous operations, and as this subse- 
quently sinks through the liquid, it carries 
the new precipitate down with it. About an 
hour after the steam has been turned off, it is 
found that the whole of the precipitate has 
settled to the bottom of the tank, leaving the 
softened water perfectly clear and bright. 


Ir is sometimes advisable to finally convert 
all the salts remaining in solution in the water 
into the form of carbonates. This 
iseffectedasfollows. Thesoftened "з 
water leaves the tank near the upper surface 
of the water by way of the discharge pipe M, 
which is hinged at its lower extremity, its 
upper end being kept near the surface of the 
water by the aid of floats; it is discharged by 
way of the ball tap BT. Fuel gas from the 


PLAN, 


Do —— диче =н=р ——— — 


Progress of Science and Technology 


coke stovc CS is forced into the water just 
in front of the orifice of the pipe M, by means 
of the steam blower D, and is carried down 
by the descending current of water, and dis- 
charged with this at the ball tap BT. The 
quantity of carbonic acid required is only 
just enough to convert the slight excess of 
alkali used in softening into the bicarbonate. 
No injurious effects are produced by the 
sulphuric acid in the fuel gases due to the 
presence of sulphur in the coke, since the 
quantity of sulphuric acid formed is at most 
very small. Experience proves that for 
boilers, carbonating is not always necessary ; 
and where it is necessary, it need only 
occasionally be performed, in order to prevent 
any trouble from deposit in the pipes. 


A NOTE on the winding of rivers, which 
appeared in the January number of ‘TECHNICS 
(Vol. IL, p. 4), has called forth 
some criticisms from Mr. T. S. 
Elis, who has devoted much 
attention to the subject. Mr. Ellis accounts 
for the winding of rivers in the following 
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Fic. 13.— To ILLUSTRATE MR. ErLIs's THEORY 
OF RIVER CURVES. 


manner :—I.et ABCD (Fig. 13, а) represent an 
alluvial area traversed by a straight river 
receiving a tributary. Mr. Ellis considers 
that in flood time the tributary will wash 
away the banks where it enters; at every 
successive flood time the whole bed of the 
river and the adjoining area of land will be 
covered with water, and from this water sus- 
pended matter will fall and form a deposit. 
Mr. Ellis states that the quantity of deposit 
will be greater in the channel of the river 
than elsewhere ; he accounts for this on the 
supposition that the water at the bottom of 
the channel will be stagnant, owing to the 
greater pressure to which it is subjected. 
On this point we cannot agree with Mr, Ellis, 
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since the velocity of the water does not 
depend on the pressure to which it is 
subjected : it appears more probable that 
the greater deposit in the river bed is due 
to the greater amount of water which 
flows along this course. Be this as it may, 
Mr. Ellis assumes the condition of the river, 
after the subsidence of the flood, to resemble 
that represented in Fig. 13, 2, where the dotted 
area represents deposited mud. The tribu- 
tary, however, will keep open a passage for 
its waters, so that the final condition of the 
river is that represented in Fig. 13,c. There 
appears to be no reason why the causes 
mentioned should not be operative in pro- 
ducing winds in a river, but we cannot agree 
with Mr. Ellis in assuming that this is the 
only cause. The action described in the 
January number of TECHNICS must certainly 
occur at every point in a river bed where 
there is any initial tendency to winding ; it 
could not make a perfectly straight river 
wind, but any accidental circumstance which 
produced an incipient bend would render the 
straight course of the .river unstable, and the 
bend would continually become more pro- 
nounced. ‘This action сап be watched in 
progress in the mud banks at the mouth of 
the Mersey : owing to the soft nature of the 
mud, the rivulets flowing through it rapidly 
cut away the mud on their concave margins 
and deposit it on their convex maryins. 
This action will, of course, be most notice- 
able in cases where the flow of water is rapid, 
and the banks of the river or rivulet are soft 
and easily disintegrated. 


THERE has bcen a revival in the cultivation 
of cotton throughout British Guiana, and 
success has been general, owing cotton 
to the intensity of the heat. Cultivation 
Fig. 14 shows matured cotton in in 
the pods ready for picking, from British Guiana 
the plantation of George Farmer and Co., 
No. т Canal, British Guiana, Immense 
trouble has been given by the “red bug,” 
which in the States is called the “cotton 
stainer.” George Farmer and Co. have been 
successful in discovering an insecticide which 
effectually destroys these and all other insect 
pests which are so inimical to the cotton- 
growing industry. 

Before one of the principals left the Colony 
he gathered a large bunch of growing and 
developing cotton, not knowing that it was 
infested with red bugs. ‘The bunch was 
packed away in a case and brought to 
England: after a month the case was 
opened, and, on examining the cotton, it 
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was found to contain a 
number of the red bugs in 
an inanimate condition. 
Not without surprise, how- 
ever, it was observed that 
the bugs were only torpid: 
after being warmed for a 
few moments they were as lively as if 
back in the intense heat of the tropics. A 
number of these bugs were brought to the 
office of TECHNICS on a cold winter morning, 
and were submitted to our examination. On 
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FIG. 15.—BACK AND FRONT VIEWS OF THE ‘‘ RED Вос,” MALE 


AND FEMALE. 
Magnified about 4 diameters. 


warming the cardboard box in which they 
were contained before a brisk fire, the bugs 
recovered their vitality, but quickly became 
torpid again when removed to another ‘part 
of the room. Subsequent warmings failed to 
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rouse them, so that it appears that they are 
only capable of recovering from their torpidity 
for a limited number of times. This appears 
strange, since the bugs came from the banks 
of the Essequibo river, where the days are 
excessively hot andthe nights are so cold 
that there can be no doubt that the bugs 
periodically become torpid. Perhaps, how- 
ever, it is necessary for the bugs to acquire 


some nutriment after being aroused, апа. 


before they once more sink into a torpid 
condition. 

These buys secrete themselves round the 
pod of the cotton. Immediately the pod 
breaks they enter the mass of ripe fibres, 
which they devour. If care is not exercised 
by the pickers when they collect the cotton, 
red bugs may be included, in which case the 
value of the cotton deteriorates. If the bugs 
are crushed, the red fluid which exudes from 
them destroys the whole of the cotton, so 
that a sample that would otherwise be worth 
1s. 62. per pound becomes almost worthless. 
Fig. 15 shows dorsal and ventral views of 
these red bugs, male and female insects 
being represented. ‘These illustrations have 
been reproduced from photographs of the 
bugs left at the office of ‘TECHNICS, as 
previously mentioned. 


SOME notes upon the discovery and 
manufacture of siloxicon, the new electric 
furnace product, were given in 
our November issue (see p. 438). 
| It was there stated that siloxicon 
IS a very refractory compound of silicon, 
carbon and oxygen, and that it is produced 
by heating ground coke, sand and sawdust to 
a temperature of 2600°C. in the electric 
furnace. The material, when ground, is 
employed for making crucibles, and for 
lining furnaces intended for high temperature 
reactions, and a company has now been 
formed in the United States to undertake the 
manufacture of bricks, crucibles, retorts, and 
furnace linings of this product. А works at 
Niagara Falls, and an office in New York, are 
about to be started in connection with this pro- 
ject. As regards the element metallic silicon, 
this has been produced on a large scale at 
Niagara Falls by aid of the electric furnace. 
F. J. Tone, who has produced half a ton of 
the metal in this way is, however, handicapped 
by the fact that there is no demand at 
present for this new addition to the list of 
metals produced on a commercial scale ; and 
until some profitable application has been 
found for it, the manufacture is unlikely to 
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develop. Silicon has a very high degree of 
affinity for oxygen, and in the forms of 
silicon, copper and ferro-silicon it has already 
attained a large sale for metallurgical purposes, 
these alloys being added to copper and iron 
respectively at the moment of casting, in order 
to remove both the free and combined 
oxygen, and improve the density and charac- 
ter of the castings. According to Ostwald, 
the heat of formation of all the silicon 
compounds is still very uncertain, but the fact 
that this element can rob both iron and 
copper of their oxygen when introduced into 
molten metal containing oxides of these 
metals, proves that the heat of formation of 
silicon oxide must be exceptionally large. 
Silica and alumina are, in fact, the two most 
commonly occurring oxides in the earth's 
crust, the former representing over 55 per 
cent. of the total weight ; and, therefore, one 
may assume that these two elements have the 
greatest affinity for oxygen of all the metals 
found near the earth's surface. Should any 
useful and profitable application be found for 
metallic silicon, the electric furnace method 
of production 15 therefore likely to extend. 


No compound of the element helium has 
yet been discovered, but the large proportion 
of this gas that is contained in 
pitchblende has suggested the 
possibility that some compound Pitchblende 
of the gas might be present in 
the mineral. This problem has recently 
been attacked by Mr. R. ]. Moss, whose 
observations are described in the Transactions 
of the Roval Society of Dublin. А quantity 
of the mineral, which had been dried over 
sulphuric acid im vacuo, was ground by means 
of a special apparatus in an exhausted space, 
so that the gas liberated by the grinding 
could be collected. ‘The gas liberated from 
73 grams of the mineral by two grindings 
amounted only to 0'186 c.c. of which about 
one-half consisted of helium. When 15 
grams were decomposed by fusion with 
potassium hydrogen sulphate, no less than 
74 с.с. of gas were liberated, consisting 
mainly of carbon dioxide, but containing also 
1°56 c.c. of helium. The proportion of 
helium liberated by grinding and by chemical 
action is very similar to the proportion of 
carbon dioxide liberated from calcspar by 
similar treatment, but the author neverthcless 
concludes that the helium in pitchblende is 
not combined, but included in minute cavities 
which are not broken by the coarse grinding 
to which the mineral was submitted. 


Helium 


THE MECHANICS OF HEAVY ELECTRIC TRACTION. 


Part IV.—' THE TRACTIVE FORCE, POWER AND ENERGY AT AXLES. 


By H. F. PARSHALL and H. M. HOBART. 


P to this point the relations 
between speed, distance and 
time have alone been con- 
sidered. The corresponding 
tractive force must next be 
discussed. 

During acceleration at a 
constant rate on a level, the tractive force is 
made up of two components, the one con- 
stant and a function of the rate of accelera- 
tion, and the other a variable component and 
a function of the speed from instant to instant, 
During operation on the level at constant 
speed, the tractive force 1s also constant and 
Is a function of the speed. The tractive force 
required for acceleration, апа corresponding 
to various rates of acceleration, has already 
been given in Table III, on p. 432 of 
Vol. Il. of TkcuNics, November, 1904. ‘To 
these must be added the variable tractive 
force from instant to instant, required for 
overcoming the tractive resistance as the 
speed increases. ‘The percentage difference 
which this introduces is a function of the rate 
of acceleration апа of the weight of the 
train. In Figs. 334, 33B, and 33c are given 
curves showing, for 5o-ton, 200-ton and 8oo- 
ton trains, the tractive force required. per 
ton weight of train, to maintain various rates 
of acceleration during the accelerating period. 
It is seen that throughout this wide range of 
train weights (2.е., from 5o-ton to 8oo-ton 
trains), the variation with the weight is not 
great, and in order to simplify the calcula- 
tions, the tractive force per ton weight of 
train corresponding to a 20o-ton train will be 
taken, irrespective of the weight of the train. 

Thus the curves of Figs. 344, 34B, 34C and 
34D, which really refer to the tractive force 
per ton weight of train for a 200-ton train, 
will be employed for all train weights, and it 
may be kept in mind that this gives some- 
what too liberal values for long trains and 
somewhat too low values for short trains. 

Let us take the case of a train operating 
with one stop per mile at an average speed 
of thirty miles per hour between stops. As- 
suming constant rates of acceleration. and 
retardation, and a uniform rate of speed from 
the completion of acceleration to the com- 
mencement of retardation, the speed-time 
curves for accelerating rates of 1'o, 1°4, 1:8 


and 2:2 miles per hour per second will be 
those already given in the curves of Fig. 164 
and in the left-hand curves of Fig. 17.* ‘These 
curves are repeated in the upper row of 
Fig. 35. The corresponding tractive force- 
time curves are given in the second row, the 
constant speed figures relating to a 200-ton 
train,f and the rate of expenditure of energy 
at the axle, in foot-pounds per second per ton 
weight of train, is given in the third row. As 
a kilowatt equals 737 foot-pounds per second, 
the energy expended in kilowatts at the axle 
per ton weight of train moved is readily 
deduced, and is given in the fourth row of 
curves. ‘The fifth row of curves shows the 
total watt-hours at the axle per ton weight of 
train which, at any given time from the start, 
have been required. Hence the value at the 
point of cutting off the current represents the 
watt-hours at the axle per ton-mile for the 
entire run from start to stop. 

This, for the different rates of acceleration, 
is as follows :— 


TABLE V. 


CONSUMPTION OF ENERGY AT AXLES IN WATT- 
HOURS PER ToN-MILE. ONE STOP PER MILE. 


Watt-hours at the axles per 
ton-mile, for a 200-ton train, 
operated at a schedule speed 
of 30 miles per hour between 
oncemile stops. 


Rate of Acceleration in 
miles per hour per second. 


The results in Table V. are plotted in the 
curve of Fig. 36. It 1s evident that, so far as 
relates to obtaining a low rate of expenditure 
of energy at the axles in watt-hours per ton- 
mile, a high rate of acceleration is desirable. 
It will be seen later, however, that this may 
entail an unduly heavy equipment and other 
disadvantages. 


* TECHNICS, Vol. II., No. 11, November, pp. 
428-429. 

+ A representative 200-ton train will be assumed 
in much of the following discussion, Rough modif- 
cations of the results will generally give a basis for 
sufficiently accurate values for lighter and heavier 
trains. 
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An interesting point to note is that the 
maximum instantaneous load at the axles 
required for this average speed of thirty miles 
per hour between stops and one stop per 
mile, first decreases with increasing accelera- 
tion, and after passing through a minimum 
at a rate of acceleration of about 1:3 miles 
per hour per second, again increases with 
higher accelerations. This may be seen from 
the third and fourth rows of diagrams in 
Fig. 35, but is more clearly brought out in 
the curve of Fig. 37. 

The average power at the axles in kilowatts 
per ton weight of train, for a 200-ton train 
operating at an average speed of thirty miles 
per hour between stops, and with one stop 
per mile for these four rates of acceleration, 
is readily derived from the values in Table V. 
and is given in Table VI. 


TABLE VI. 


KILOWATTS PER 
ONE STOP PER MILE. 


AVERAGE POWER AT AXLES IN 
Тох. 
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The results in Table VI. are plotted in 
Fig. 38, and this also is in favour of a high 
accelerating rate. 

For the same schedule speed of thirty 
miles per hour, but with but one stop per 
two miles, the calculations will be carried 
out tabularly instead of by diagrams. The 
steps may be readily followed from Table VII. 

As the purpose of these calculations is 
restricted to setting forth limitations and 
imparting ideas of the general magnitude of 
the quantities involved, it would be out of 
place to employ any close degree of accuracy ; 
thus but three, and often only two, significant 
figures are employed. 

In Table VIL, by expressions such as 
“energy expended at the axles” is meant the 
propelling energy alone. ‘The braking energy 
subsequently expended in virtue of the stored- 
up energy of the train, is, for low rates of 
acceleration, often a very large percentage 
of the total energy expended at the axles in 
propelling the train. А considerable portion 
of this may be recovered by “regenerative 
control” methods. The amounts involved 
are shown in Table VIII. | 

Item ХІ. of Table VIII. gives the 
percentage of recoverable energy ; this. only 
represents the zvoverezZ energy on the basis 
of roo per cent. efficiency of recovery. 
Of course, the recovery will be at far less 
than roo per cent. efficiency, for the motors 
must act as dynamos with very variable speed 
and load, and there will be external waste in 
controlling the rate of regenerative braking. 
Assuming that the energy required from the 
trolley or third rail averages 1°33 times the 
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energy expended at the axles in propelling 
the train, and that the stored energy is re- 
covered at 66:7 per cent. efficiency, then 
the percentages of recovered energy for the 
case analysed in 'Tables VII. and VIII. are 
as set forth in Table IX. 


TARLE IX. 


Assumptions are :—- 
Energy input = 1733 X energy at axles.* 
Mean efficiency of recovery by regenerative braking 


= 66° T 


Energy 
recoverei by 
regenerative 

braking in 
watt-hours per 
ton-mile. 
(0:665 of XI. 
of Table VIH.) 


Energy input 


Rate of 
Acceleration 
in iniles 
per hour per 
second. 


Percentage of 
en-rgy 
recovered to 
energy input 
to train. 


to traun in 
watt-hours per 
ton-mile. 
(1733 X XII. 
of Table VIII.) 


27 
15°3 
10°7 
IO'O 

9'4 

$577 


Thus by means of reconverting to electrical 
energy for return to the line, we may, in the 
above case, recover some 30 per cent. of the 
energy input to the train. Of course, this 
percentage varies greatly, depending chiefly 
upon the frequency of stops and the schedule 
speed between stops. In the case of tramway 


* This value will vary considerably with the type 
of equipment, the rate of acceleration, the schedule 
speed, and the number of stops per mile, and is only 
taken as a rough value for illustrative purposes. 


TABLE VIII. 


Rate of acceleration in miles per hour per second . 


Maximum speed, f.e., speed at completion of accelera- |, I 


tion, in miles per hour 
Stored ир 
motion per ton weight 
of train at above speed 


of Table VII.) 


Non - recoverable 


energy at axles Table VIL 


VIIL.). 


energy of |" foot-pounds (34°2 x IV. Ў Ш 
. е f! 


In watt-hours (III. + 2650) | IV. 
( For accelerating interval (XVII. of 
minus IV. of Table 


їп watt - hours 
per ton weight 
of train, se., 
energy wasted 
in inevitable 
friction "E" 


ror constant speed interv 'al (XV ИГ. 
of Table VII.) ; 


For retarding interval (same as N ) 


Total of non- ARUM energy 


. 1265000 136000 91000 ' 30600 
100 | 51 34 30 
V. | 18 2 


VII. 


for 2-mile run from start to stop, VII. 


U (V. VE + VIL). 


i 
оу, 
i 


Total non-recoverable energy in watt-hours pet ton- mile | IX 


(VII. + 2) 


| 


Recoverable energy in w att-hours per ton (IV - VIL)! X. 


Recoverable energy in watt-hours per ton-mile (X. + 2) 


ONL 


Watt-hours expended at axles per ton-mile (IX. + XI.) | NU. 


Recoverable energy рег ton- mile in percentage 


of NI. 


energy expended at axles, z.e. (XL. in per cent. of XIT.)/ 


| 
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Rate of Acceleration (and Retardation). 
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FIG.#35.—CURVES OF SPEED, TRACTIVE FORCE, POWER AND ENERGY AT AXLE. 


200-lon train operated between stops at an average speed of ЗО miles per hour, with one stop per mile.- 


work, it is also greater in a hilly district. 
While these articles relate to heavy electric 
traction, it will nevertheless be of interest to 
give curves based on results obtained in the 
authors’ practice from comparative tests made 
by them upon tramcars equipped on the 
regenerative control principle and on the 
ordinary series-parallel control system. ‘These 
curves are reproduced in Figs. 39 and до. 
From the curves one sees that for relatively 
low schedule speeds and infrequent stops, 
the advantage of employing regenerative 


control becomes very slight ; and taking into 
account the greater weight of a regenerative 
control equipment, the use of such a system 
would, in certain cases, even be a distinct 
disadvantage. On the other hand, a relatively 
high schedule speed, with frequent - stops, 
permits of much greater advantages from 
the use of a regenerative control system than 
is generally realised. In fact, the brief 
periods of notoriety which these systems 
enjoy prior to disappearing from the scene, 
appear to be „in considerable measure 
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FIG. 36.—CURVE OF WATT-HOURS AT AXLES 
PER TON MILE. 


200-/om (rain operating with one stop per mile, at an 
average speed of 30 miles per hour between 
stops: varying rates of acceleration, 
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POWER AT AXLES, IN KILOWATTS, PER 
TON WEIGHT OF TRAIN, 


200-fon train operated with one stop per mile, at an 
average speed of 30 miles per hour between stops, 
for different rates of uniform acceleration, 
Kate of retardation taken egual to 
rate of acceleration. 


attributable to the failure to make exhaustive 
comparative tests of a character suitable to 
bring out clearly the considerable advantages 
which such systems would possess for certain 
cases. In view of the large amount that 15 
written on this subject, the absence of a 
thorough recognition of the real conditions 
of success or failure forces the authors to 
conclude that their inventors and exploiters 
have not themselves yet arrived at a clear 
understanding of the matter. 
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Fic, 38.—CURVE OF AVERAGE POWER, FROM 


START TO STOP, IN KILOWATTS AT AXLES, 
PER TON WEIGHT OF TRAIN.- 


Operated with one stop per mile, at an average specd of 
„ 30 miles per hour between stops, for different 
rates of uniform acceleration, 


Ес. 39.—CURVES FOR NS Sd OPERATED ON 
REGENERATIVE CONTROL SYSTEM. 


Basis of Calculations: 

Weight, Loaded Car—11 tons, 
Car Friction —19 lbs. per ton excluding gearing. 
Motor Efficiency—8o per cent. including gearing. 
5 Second Stops. 
Schedule Speed, 8 miles per hour. 


Level Track. 
There is another simple means of reducing 
the energy input to a certain extent. This 
consists in “ drifting" or “ coasting” to the 
destination, and decreasing the use of brakes ; 
or, in other words, employing the train friction 
to brake the train. ‘This has already been 
alluded to on pp. 425 to 428 of TECHNICS 
for November, 1904 (Vol. II., No. 5). The 
method of operation reduces the energy 
required at the axles, since the train friction 
is unavoidable, and might as well be 
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Fic. 40.—TRAM CAR. RELATIVE INPUTS AT 
DIFFERENT SPEEDS ON LEVEL TRACK. 


Basis for Calculation : 
4 Stops per Mile. Weight, Loaded Car—11 tons. 
Car Friction —19 165. per ton. 
Motor E ficiency, 80 per cent. 5 Second Stops. 


30 miles per hour. 


Rate of acceleration in 
miles per hour рег second. 


Maximum instantaneous pOT aoe 
inkilowatts per con weight in. 


Rate 
miles per hour per second. 


Curves for i-mile run drawn thus 
Curves for 2-mile run drawn thus — — — — 
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Fic. 42.—CURVE SHOWING RELATION BETWEEN 

THE ACCELERATING RATE, AND THE RATIO 


OF THE MAXIMUM TO THE AVERAGE 
POWER AT AXLES. 


Ratio of maximum Lo average 
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200-(on train operated with one stop per two miles, at 
an average speed of 30 miles per hour 
between stops. 


60 miles per hour. 
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Fic. 41.—CuRVES OF ENERGY AND MAXIMUM INSTANTANEOUS POWER AT AXLES FOR 200-TON TRAIN, 


Curves for 4-mile run drawn thus 2... . .. 
Curves for B-inile-zun drawn thus —.—.—. 
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employed to reduce the amount of energy 
required to be stored up in the train, only to 
be subsequently wasted at the brake shoes. 
By modifying the diagrams to take into 
account the further economy obtainable by 
substituting a “drifting” stage for the con- 
stant speed stage, a considerable reduction 
may be effected in the watt-hours per ton- 
mile for very short runs between stops, for 
the higher rates of acceleration ; but for longer 
runs between stops the result will be relatively 
but slightly affected. This is also true of the 
economy attending “acceleration on the 
motor curve," a discussion of which must be 
deferred. The use of diagrams based on 
constant speed running and equal rates of 
acceleration and retardation has the advan- 
tage of giving a better defined basis for com- 
parison of operation under various conditions 
as regards schedule speed, frequency of stops, 
and accelerating rate ; it gives results on the 
safe side of the attainable values. ‘The 
magnitude of the errors introduced by not 
taking advantage in these calculations of the 
further economies of “drifting” and of 
acceleration on the motor curve, will be 
discussed in a later section. “ Drifting” has 
the advantage over regeneration that one 
avoids the loss of energy involved in re- 
converting mechanical into electrical energy. 
Advantage ought to be taken, according to 
the conditions, of both means of securing 
increased economy. 

Calculations оп the same lines as those 
set forth in Table VII. have been made for 
other speeds and frequency of stops, but it 
will only be practicable to give the final 
results as plotted in curves. In the upper 
row of curves of Fig. 41 is given the energy 
required at the axles in watt-hours per 
ton-mile corresponding to various rates of 
acceleration and to schedule speeds of 30, 
45 and 60 miles per hour between stops, and 
for т, 2, 4, and 8-mile runs. 

In the lower row of curves of Fig. 41 are 
given, for these same conditions, the maximum 


instantaneous power at the axles in kilowatts 
per ton weight of train, 

Item XXII. of Table VII. shows the 
dependence upon the accelerating rate, of the 
maximum to the average power at the axles 
for the two-mile run at an average speed 
of thirty miles per hour. The values are 
plotted in the curve of Fig. 42. Неге we see 
plainly one of the disadvantages of a high 
rate of acceleration. It entails equipments 
of high maximum * capacity, and also 
power-house plant and line with high 
maximum capacity, although the larger 
the number of equipments, the more 
will the disadvantages of a high ratio of 
maximum to average capacity be decreased, 
since the peaks of load of the different equip- 
ments will be so distributed as to give, at the 
power-house, a far lower value for the ratio of 
maximum to average load. Herein lies one 
of the great advantages of electric traction ; 
for while, for such a service as that corres- 
ponding to the curve of Fig. 42, a steam 
locomotive would be obliged to provide 
energy at the axles at rates constantly varying 
through a wide range, an electric service, wth 
numerous trains fed from a single power- 
house would give a relatively constant load 
on the prime movers at the power-house, 
and such a number of sets may at any time 
be placed in service as shall suffice to ensure 
Operation at an economical range of loads. 

Again, another reason for operating at low 
accelerating rates in steam service is seen 
from Fig. 42. Were a steam road to operate 
trains at a schedule speed of thirty miles an 
hour between stops, and with one stop every 
two miles, the moderate rate of acceleration 
of 1°4 miles per hour per second, would give 
a ratio of maximum to average load at axles, 
of over 1o:r,and would entail very low economy 
at the locomotive. Somewhat higher rates of 
acceleration than this, and consequently 
higher schedule speeds, can, however, generallv 
be economically provided for by electrical 
operation, where afrequent serviceisemployed. 


MERCERISATION. 


By B. J. EATON. 


ERCERISATION is the name 
applied to the process of treating 
cotton and other vegetable fibres 
with strong solutions of caustic 
soda or potash, dilute sulphuric 

acid, and zinc chloride solution (the latter 
two to only a small extent), whereby the 
fibre is caused to contract in length, and its 
strength is increased; it also acquires a high 
lustre, and hasanincreased | 
capacity for taking certain 
mordants and dyes. 

The name *'Mercerisa- 
tion” originates from the 
discoverer of the effects 
above mentioned, namely, 
John Mercer, whose life 
and work (including his 
“ Mercerisation" patent in 
1850) are described in the 
following pages before dis- 
cussing the chemistry and 
physics of the process. 


MERCER AND HIS WORK. 


John Mercer was born 
on February 21st, 1791, 
at Dean in the parish 
of Great Harwood, near 
Blackburn, and died on 
November 3oth, 1866. His 
ancestors had been farmers 
for generations, though at 
the time of John Mercer's 
birth his father owned a 
small spinning mill, which 
he shortly afterwards had 
to give up, acquiring the 
lease of a small farm. 

In 1799 the family 
suffered severely from the 
corn crop failure, and in 
1800 the father died. 
Mercer, then nine years 
old, was sent to work as 
a winder, but soon had 
the opportunity of taking 
lessons from a designer— 
Blenkinsop—employed at 
the Openshaw Print Works; 
he showed great ability 
for mathematics. In 1807 
he determined to learn 
dyeing, and finding that 


certain dye-woods and drugs could be obtained 
from a druggist in Blackburn, he invested all 
his money in three-pennyworths of eight or 
nine different samples, and began to ехреп- 
ment. He obtained satisfactory results, and 
opened a small dye house with a partner; he 
became so successful that Messrs. Fort, of 
the Openshaw Print Works, entered him as 
an apprentice in their colour shop in 1809. 


(Reproduced by kind permission ду the Editor of '* The Dyer, Calico Printer, Б eacher, 
Finisher, and Textile Review," yso, Holborn, Е.С.) 
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Owing to a great depression in the printing 
trade in 1810, his indentures were cancelled, 
and he had to return to hand-loom weaving, 
when he introduced new improvements in 
the loom and machinery. By the year 1813, he 
had saved sufficient money to start in business 
as a weaver and dyer, using waste material 
from the various print works. Up to this 
time he had merely worked by rule of thumb ; 
but coming across Parkinson's * Chemical 
Pocket Book," he at once grasped the value 
of chemistry and its applications to dyers 
and printers, and he set to work to study the 
chemistry of textile manufacture and colour- 
ing, making his first. notable discovery in 
1817, when he produced an orange dye by 
padding with a solution of antimony sulphide, 
followed by passing the material through a 
weak solution of sulphuric acid. 

This discovery was a great advance on the 
orange then obtained by mixing quercitron 
and madder. 

As а result of this discovery he was at once 
engaged by Messrs. Fort and Company, as an 
experimental chemist, at зоғ. per week. 

From this time onwards he was constantly 
before the textile colouring trade as a clever 
experimenter. 

He discovered the oxidising properties of 
a mixture of potassium chromate and sul- 
phuric acid, and introduced it with great 
success as a discharge in dye vats. 

He also found that metallic tin reduced 
indigo blue to indigo white in alkaline 
solution, and in 1823 he produced the 
"bronze styles," which are still made very 
similarly. 

He discovered the use of oxalates in 
removing colouring matter from cochineal ; 
although this largely-used dve-stuff was тоу. 
and more per lb., quite one-third of it was 
ей in the dregs of the dye bath before 
Mercer's method was introduced. 

In 1825 Messrs. Fort made him a partner 
in the firm, and this stimulated him to further 
experiments, so that in the next ten years he 
benefited the trade to a still greater extent. 

He discovered a new method of fixing 
prussian blue, of discharging with potassium 
sulphocyanide, and of oxidising cutch with 
manganese salts. 

He introduced sodium phosphate, and 
also, later on, sodium arsenate as a substitute 
for cow-dung-—then largely used in fixing 
mordants—this being the subject of his first 
patent in 1839. 

He then introduced alumina lakes for 
steam colour work, and in 1845 patented a 
process for making sodium stannate, cheaper 


and purer than the method then in vogue, 
and in a solid form. 

Besides the discoveries above mentioned 
he made many others quite as notable, and 
in 1852 he was elected а Fellow of the Roval 
Society, having already been made a Fellow 
of the Chemical Society, апа being onc of 
its first members. Long before the process 
by which he is so well known, “ Mercerisa- 
tion,” was a commercial success, his 
investigation of the action of the alkalis on 
vegetable fibres was looked upon by scientists 
and others as his magnum opus. 

His work in connection with the process of 
* Mercerisation,” beginning with the original 
patent, is treated in the following pages, 
together with the work of later experimenters 
who have confirmed and augmented his 
rescarches. 


MERCER's SPECIFICATION (13296— 1850). 


In this quaintly-worded document, John 
Mercer, of Oakenshaw, within Clayton-le- 
Moors, gentleman, sends greeting “to all to 
whom these presents shall come,” and informs 
them that a monopoly in his invention of 
* Improvements in the preparation of cotton 
and other fabrics and fibrous material" has 
been granted to him for a term of years to 
“make use, exercise, and vend within 
England, Wales, and the Town of Berwick- 
on-l weed, providing that he describes his 
invention." This he proceeds to do in the 
following terms :— 

* My invention consists in subjecting vege- 
table fabrics and fibrous materials, cotton, 
flax, etc., either in the raw or manufactured 
state, to the action of caustic soda or caustic 
potash, dilute sulphuric acid, or chloride of 
zinc, of a strength and temperature sufficient 
to produce the new effects, and to give the 
new properties to them which I have hereafter 
described. | 

“The mode I adopt of carrying into 
operation my invention to cloth made wholly 
or partially from any vegetable fibres and 
bleached, is as follows :— 

“I pass the cloth through a padding 
machine, charged with caustic soda or caustic 
potash, at 60° or 70° Twaddel's hydrometer, 
at the common temperature, say 60° Fahren- 
heit or under, and, without drying the cloth, 
wash it in water, then pass through dilute 
sulphuric acid and wash again; or I run the 
cloth over and under a series of rollers in a 
cistern with caustic soda or caustic potash, 
at from 40~-50° of Twaddel’s hydro- 
meter, at the common temperature of the 
atmosphere, the last two rollers being set so 
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as to squeeze the excess of soda or potash 
back into the cisterns charged at the com- 
mencement of the operation with water only, 
so that at the last cistern the alkali has nearly 
all been washed out of the cloth. When the 
cloth has either gone through the padding 
machine, or through the cisterns above 
described, I wash the cloth in water, pass it 
through dilute sulphuric acid, and wash again 
in water. 

* When I adapt the invention to grey or 
unbleached cloth made from the fibrous 
material before mentioned, I first boil or 
steep the cloth in water, so as to have it 


thoroughly wet, and remove most of the water : 


by the squeezers or hydro-extractor, and then 
pass the cloth through the soda or potash solu- 
tion, etc., and proceed as before described. 

“I apply my invention in the same way to 
warps either bleached or unbleached, but 
after passing through the cistern containing 
the alkali the warp is either passed through 
squeezers or through a hole in a metallic 
plate, to remove the alkali, and then passed 
on through the water cisterns, soured and 
washed as above described. 

* When thread or hank yarn is operated 
on, I immerse the threads or yarns in the 
alkali and then wring them out, as is usually 
done in sizing or dyeing them, and afterwards 
wash, sour, and wash in water as above 
described. 

* When I apply my invention to any fibre 
in the raw state, or before it is manufactured, 
I first boil it in water, and then free it from 
most of its water by the hydro-extractor or a 
press. I then immerse it in the alkaline 
solution, and then remove the alkali by the 
hydro-extractor, or I press the alkali out with 
a press and then wash in water, sour in 
dilute sulphuric acid, wash again, and then 
remove the water by a press or hydro- 
extractor as above described. 

“When cloth made from vegetable fibre, 
cotton, flax, etc., has been subjected to the 
action of caustic soda or potash, as above 
described, by padding, immersion, or any 
other way, and then freed from the alkali by 
souring and washing acc ording to my said 
invention, the cloth will be found to have 
undergone certain changes and alterations, 
and to have acquired certain new and valu- 
able properties. ‘The most remarkable I here 
describe. 

“Tt will have shrunk in its length and 
breadth, or have become less in its external 
dimensions, but thicker and closer, so that 
by the chemical action of caustic soda or 
potash, [ produce on cotton and other vege- 


table fabrics and fibres effects somewhat 
analogous to that produced on woollen by 
the process of fulling or milling. 

“Tt will have acquired greater strength and 
firmness, each fibre requiring greater force to 
break it. It will also have become heavier 
than it was before it was acted on by the 
alkali, i£ in both cases it be weighed at the 
temperature of 60° Fahr. or under. It will 
have acquired greatly augmented and im- 
proved power of receiving colours in printing 
and dyeing. 

“The effects of the application of my 
invention to the vegetable fibre in any of its 
various stages, before it is manufactured into 
cloth, will be readily understood by reference 
to its effects upon cloth composed of such 
fibres. 

* Secondly, I employ sulphuric acid diluted 
to 105° ''waddel's hydrometer, and the heat 
not above 50° Fahrenheit, lest. the animal 
fibres should be injured. 

“I may, in conclusion, remark that the 
description of the apparatus or machinery, 
and the strength and temperature of the soda 
or potash, sulphuric acid or chloride of zinc 
solution, may be varied to a considerable 
extent, and will produce proportionate effects 
without at all deviating from my invention. 
For instance, caustic soda or potash may be 
used even as low as 20? T'waddel’s hydro- 
meter, and still give improved properties to 
cotton, etc., in receiving colours in printing 
and dyeing, particularly if the heat be low, 
for the lower the temperature the more 
effectively the soda or potash acts on the 
fibrous material above described. 

* I, therefore, do not confine myself to any 
particular strength or temperature of the sub- 
stances I employ, but the particular strength, 
heat, and process here described is what I 
have found the best, and which I prefer. 

“ And I claim as of my invention the sub- 
jection of cotton, linen, апа other vegetable 
fibrous material, either in the fibre or any stage 
of its manufacture, either alone or mixed with 
silk, woollen, or other animal fibrous material, 
to the action of caustic soda or caustic potash, 
dilute sulphuric acid, or solution of chloride 
of zinc of a temperature and strength sufficient 
to produce the new effects, and give to them 
the new properties above described, either by 
padding, printing, or steeping, immersion, or 
any other mode of application." 


ORIGINALITY OF MERGERS PROCESS 
CHALLENGED. 


Several contemporary writers. affirm. that 
something was known of the action of alkaline 
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lyes on cotton before Mercer's experiments 
were conducted. — O'Neill, writing in 1860, 
says a passage in Persoz's “ Traité Théorique 
et Pratique de l'impression. des Tissus” 
proves this to be so; but the editors of the 
Dyer and Calico Printer say they have failed 
to find the passage thus referred to by O'Neill. 

A Nurnberg firm, Leuchs & Co., claim the 
discovery as their own, as seen in a letter in 
©ту з Polytechnisches Journal of 1851, 
Vol. 122, p. 318. 

They say it was communicated to them 
by Professor T. Leykauf in 1845, and made 
public inthe Polytechnische Zeitung of Jan. 28th, 
1847, published by themselves. 

The technical press of Germany, however, 
did not support their claim of priority, and 
acknowledged the fact also that Mercer com- 
тепсей his work in 1844. Leibig and Kopp, 
in the Jahresbericht of 1851, say it is im- 
possible to gather that their process was the 
one patented by Mercer, or that it was 
invented by Leykauf. 

The Deutsche Muster Zeitung, now the 
Leipziger Farber Zeitung, which appeared in 
1851, was the first paper to note Mercer’s 
invention in their sixth issue of that year. 


REASONS OF NON-SUCCESS OF THE PROCESS. 


O'Neill, in 1862, makes the following 
comments :— 

The action of caustic lyes of 50° Twaddel’s 
strength and upwards on cotton, etc., would 
not have been anticipated, and the invention 
came as a surprise, for it was accepted as an 
axiom that, as even rather weak caustic soda 
solutions dissolved up silk and wool, and if 
allowed to act for a long time also disinte- 
grated cotton; therefore the action of strong 
caustic soda solutions must be destructive to 
cotton fibres, and this was supported by the 
appearances seen when a bit of calico acci- 
dentally fell into strong caustic soda and 
curled up, appearing to be destroyed, and 
becoming translucent, as though tending to 
dissolve. 

Mercer, however, proved that the only 
change was a contraction and consequent 
thickening of the fibre. 

Yarn, woven or unwoven, became less 
opaque after treatment, and became rounder 
and firmer, the cloth appearing finer, and the 
dimensions contracting about т in 15. 

The cotton thus treated took both mordants 
and dyes somewhat better than untreated 
cotton, the difference being one of depth 
rather than quality. 

The Mercerised cotton, as it was called, 
showed a remarkably increased power of 
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absorbing indigo from the ordinary blue vat, 
taking up in the same time as much as yields 
a shade three or four times darker than 
acquired by ordinary cotton. 

It was found impossible to make any use 
of the process at the time, in spite of its 
brilliant prospects, because, in the first place, 
the initial cost was considerable, but chiefly 
because no exceptional effects could be 
produced which seemed worth the expense. 
Caustic soda, too, was not an article of com- 
merce in Mercer’ time; up till the year 
1861 most of the caustic soda produced was 
“cream soda,” £.e, soda concentrated till it 
set on cooling, but not by fusing. 

In 1806, the earliest date of any quotation 
for soda, the price of 10 per cent. soda was 
4,26 per ton. ‘This in itself is sufficient to 
explain the non-success of the process in 
Mercer's time. 

The price of zinc chloride was even more 
prohibitive, and no special advantages were 
gained by its use, while the use of the much 
cheaper sulphuric acid was not trustworthy, 
owing to the great care required, and risk of 
injuring the fabric. 

As a process, ** Mercerisation " nearly died 
out in the thirty years following the date of 
Mercer's patent; his name became almost 
forgotten, and the process was only remem- 
bered as one interesting but unsuccessful. 


CRAPING AND LUSTRING. 


Experimenters, however, were still quietly 
at work endeavouring to develop the patent 
for commercial uses, especially with regard 
to what may be cailed the second stage of 
Mercer's process—“ craping." 

In 1867, Meyer Rauschenbach re-patented 
a part of Mercer's specification in. England, 
using sulphuric acid of about 105^ Tw. at a 
reduced temperature for stiffening yarn and 
cloth. 

А fresh epoch in the history of the process 
was created by Garnier and Depoully's patent 
in 1883, in which a process was given for 
strengthening cotton cloth, chiefly the lighter 
fabrics, gauze and muslin, using caustic soda 
lye of 30°—36° B. 

It was stated that the fabric then resisted 
the pressure of the engraved rollers used in 
printing without being torn, and also that a 
high lustre was given on the side pressed by 
the cylinders. The authors in this patent 
practically recognised апа foreshadowed the 
third stage of Mercer's process—“ lustring." 
They, however, with other patentees at that 
time, were only endeavouring to obtain the 
craping or crimpling effects then in fashion. 


Ozone 


This craping effect was obtained by merceris- 
ing alternate layers or threads of the cloth, 
using a resist to prevent the action of the 
caustic soda on the part not to be contracted. 
In this way contraction was obtained for 
alternate layers of the fabric, producing the 
well-known crimpled or craped effects. 

In 1884, Depoully brought out a second 
patent for crimpled cloth, in which he either 
used one material such as cotton, or in which 
the fabric was a mixture of two materials, 
such as silk and cotton. 

The “ сгероп ” effects were in the height 
of fashion when the third stage of the process 
known as “ lustring" was reached. 

The credit of observing and producing 
“lustring” effects 15 due to several investi- 
gators, the discovery being purely accidental. 
The effect, again, is merely a part of 
Mercer's original process, and is obtained hy 
stretching the fabric during the process of 
Mercerisation. 

The first patent was that produced by Lowe, 
in 1889, using caustic soda of 25°~75° Tw., 
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acting for two minutes at 60^ Fahrenheit 
generally, but the action may vary from 
I to I5 minutes according to the character of 
the fibre, bulk of material, and strength of 
lye. The fabric, after this alkaline treatment, 
was passed through wringing rollers, then 
rinsed with warm water. 

In 1890 Lowe produced another patent, 
and in 1895 Thomas and Prevost patented a 
similar process with different conditions, the 
only differences produced being in quality of 
lustre, etc. Altogether, from the date of 
Mercer's first specification in 1850, to the last 
patent taken out at the end of June, 1902, no 
less than 170 patents have been produced 
bearing more or less on the process, and 
practically all of these are included in 
Mercers own specification as given in the 
original. 

The process in its various stages is a com- 
mercial success, and is practised by many 
large textile manufacturers, printers, and 
dyers at the present time, many factors 
combining to produce this success. 


(To be continued.) 


OZONE. 


HE rapidly increasing applications 
of ozone for commercial purposes 
have led to many experiments 
with reference to its production 

: both by electrolysis and by means 

of the so-called “silent discharge." When pro- 

duced electrolytically 96,540 coulombs are 
theoretically required for the formation of 

24 grams of ozone. The current actually 

required is several times greater, but the 

voltage used 1s small, and the consumption 
of power is therefore not excessive. War- 
burg has recently shown that when produced 
by means of a point discharge the same 
quantity of ozone only consumes 92 to 

500 coulombs, though at a vastly higher 

potential, These experiments demonstrate 

clearly the fact that the action of the dis- 
charge is not electrolytic, and Professor 

Warburg ascribes the production of ozone to 

the effect of light-rays or kathode rays pro- 

duced by the discharge. 

Very similar effects are produced by the 
radiation from a spark discharge. In pure 
oxygen this radiation produces ozonisation to 
the extent of 2:2 mols. of ozone per тоо 
mols. of oxygen, but when ozonised oxvgen 
is exposed to the radiation it is rapidly 


deozonised until the percentage of ozone 
falls to the value given above. The ozonis- 
ing and deozonising effects of the radiation 
are clearly shown in the accompanving 
figure curves II and I respectively. ‘lhe 
radiation which produces these effects passes 
readily through quartz, but is entirely stopped 
by glass. 


OZONISATION PER CENT. 
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CYCLE CHANGE-SPEED GEARS. 


By ARCHIBALD WILLIAMS. 


HANGE-SPEED gears are no 
novelty in mechanics; for 
decades they have been used 
on traction engines, chaff 
cutters, and other machines. 
Their successful application 
to cycles dates from but a 

few years ago: nevertheless, the buyer may 
now take his pick from a dozen devices, all 
carefully thought out, accurately constructed, 
and each possessing a high efüciency. 

I now propose to examine the nature and 
action of four typical change speed gears— 
the “Нир,” the “ Fagan,” the *Sturmey- 
Archer,” and the “ Pedersen." The frst 
two give the rider a choice of two gears, the 
two last of three gears. As all are based 
upon the use of an “epicyclic train,” it will 


top of a wheel to help his cart over an 
obstacle. 

lo render the rolling of the cylinder 
mechanically effective, its circumference 
must be provided with teeth, engaging with 
similar teeth in the bed over which it moves, 
and with the rack which moves it. 

For the purposes of cycle gearing, the 
bed is replaced by a fixed pinion, and the 
rack by an annulus carrying teeth on its 
inner side. Referring to Fig. та, we have X, 
the outer annulus, Y, the rolling pinion, and 
Z, the fixed pinion. To understand exactly 
how this combination works, let us first 
suppose that the axis of the pinion Y 15 
fixed in space, the pinion being, however, 
capable of rotating about this axis. Further, 
let us suppose that the inner pinion Z and 


be fitting to preface the detailed description 
of each individual gear by a general con- 
sideration of epicyclic gearing. 

Lay a foot-rule on the table, and roll ғ 
cylinder along it by the aid of a second rule, 
parallel to the first, but resting on the 
cylinder. It will be found that, while the 
cylinder advances six inches, the upper rule 
advances twice that distance. In the absence 
of friction the work done by the agent moving 
the upper rule is equal to that done in over- 
coming the force which opposes the forward 
motion of the cylinder; and as the distance 
through which the cylinder advances is only 
half that through which the upper rule 
advances, it follows that the force which 
must act on the upper rule is only half as 
great as that overcome in moving the cylinder 
forward. The carter makes use of this 
principle when he puts his hand to the 
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the annular rack X are perfectly free to 
rotate, and that the number of teeth on Z 
is 4, while the number on X is T. Then if 
the pinion Y has # teeth, a complete clock- 
wise rotation of Y about its stationary axis 
will cause м teeth to engage in succession 
with the teeth of X, and the annular rack 
wil therefore advance by м teeth, or by 
(n/T) of a complete rotation in a clockwise 
direction (Fig. 17). At the same time, 
n teeth of the inner pinion Z must have 
been engaged in succession, and Z must 
have rotated through (»//) of a complete 
rotation in an anti-clockwise direction. 

To pass to the case where the inner pinion 
Is stationary, and the axis of Y is free to 
move, let us now suppose that the whole 
arrangement is rotated as a single body 
about the centre of Z through (1/4) of a 
complete clockwise rotation (Fig. тс). This 
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will bring the central pinion Z to its original 
position; the axis of Y will have revolved 
about the centre of Z through (4/7) of a 
complete clockwise revolution ; and the rack 
X wil have rotated about the centre of Z 
through the sum of the angular displacements 
imparted to it, 7e, through Є + T) of a 
complete clockwise rotation. ‘Thus— 
Angular displacement of X 


Angular displacement of axis of Y 


ng t GT 

Оаа gap 
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From this it is clear that if the central 
pinion Z is maintained stationary while the 
annular rack is rotated at any given speed, 
the pinion Y being free to roll as the con- 
ditions require, then while Y rolls once 


of X by 33} per cent. ; if the force is applied 
at Y's centre, there will be a speed gain of 
50 per cent, and a diminution of force of 
334 per cent. with regard to X. 

Should X and Z be mechanically connected 
so as to form a rigid whole, Y obviously can 
no longer roll round Z. In general, if azy 
two of the three elements X, Y, and Z are 
ngidly connected, the combination can move 
only as a solid body. 

Taking advantage of this, the “ Hub” and 
* Fagan" two-speed gears are so contrived 
that Z can be maintained fixed in space and 
independent of X; or fixed to, and free to 
rotate with X, at the will of the rider. The 
same end is attained in each case by rather 
different means, as will be understood from 
the illustrations (Figs. 2 and 3) and the 
following short explanations. 


THE * Нов” Two-sPEED GEAR. 


Fig. 2 represents this gear in section. The 


Fic. 2.—THE * Нов” Two-sPEED GEAR. 


completely round Z, the annular rack X 
wil make (/4- T)/T rotations. "Thus we 
have— 
Speed of rotation of X _¢+T 
Speed of revolution of Y T ` 
If the motion of Y is opposed by a given 
force, and a motive force acts on X, then— 
Force acting on X NON | 
Force opposing motion of Y {+ T 
To proceed to an example: If X has fifty 
teeth, and Z twenty-five teeth, one revolution 
of the axis of Y about the centre of Z implies 
50 + 25 


= 14 rotations of X ; and conversely, 


50 
one rotation of X = 5° = g revolution 
50 + 25 
of Y. 


If a given motive force be applied to X, 
this will be capable of overcoming a force 
50 per cent. greater opposing the motion of 
Y, and the speed of Y will be less than that 


sprocket wheel to the right (equivalent to X, 
Fig. т) has sixty-four internal teeth, and gears 
with four planet pinions E, revolving on studs 
formed out of the solid metal of the hub. 
Each of these planet pinions corresponds 
to Y, Fig. 1; four are used in order to 
minimise the wear on each. The four 
planet pinions gear with the central pinion H 
(equivalent to Z, Fig. 1), which is free to 
rotate round the axle. The central pinion H 
has twenty teeth, and is made longer than re- 
quired for gearing with the planet pinions ; its 
end fits into the interior of the sliding clutch 
A, which is provided with internal teeth, and 
ratchet teeth cut upon its outside surface. 
Two free-wheel pawls are pivoted in the 
annular groove X; these engage with the 
ratchet teeth on the outside of the sliding 
clutch A. 

On turning the sprocket wheel the pinion 
H would rotate in an opposite direction to 
the hub, were it not prevented from doing 
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so by the free-wheel pawls engaging with the 
ratchet teeth of A, which force the clutch A, 
and therefore the pinion Н, to rotate with 
the sprocket wheel. Hence, two of the 
elements of the epicyclic train are rigidly 
connected, and consequently the whole com- 
bination rotates as a whole. This gives the 
top speed. 

When the cycle is in motion, if the 
rider ceases pedalling, the ratchet teeth 
allow A to rotate and so give a free-wheel 
action. 

To obtain the low speed, A is pulled to 
the left by means of the small chain running 
through the hollow spindle; this action 
causes the toothed interior of A to engage 
with teeth on the spindle, and also brings A 
clear of the free-wheel pawls situated in the 
groove X. A still engages with the teeth 
of H, which thus becomes fixed with regard 
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the spindle. In these circumstances the 
central pinion is fixed, and the low gear is 
obtained in accordance with the equation— 


Velocity of sprocket wheel 64 + 20 _ 84 


Velocity of planet pinions 64 64 


as in the case of the * Hub." To throw in 
the high, or solid gear, the rider, by means 
of a cable, raises the small bell-crank lever 
and pulls the central pinion to the right into 
engagement with teeth on the interior of a 
central opening, the driving ring causing it 
to rotate with the annulus. 

As the annulus can overrun the sprocket, 
free-wheeling is possible on both speeds. 


STURMEY-ARCHER GEAR. 


The sectional illustration, Fig. 4, represents 
the Sturmey-Archer speed gear: as this is 
somewhat complicated, two additional cuts 


Fic. 3.—'* FAGAN" TWO-SPEED GEAR. 


to the spindle; the sprocket wheel is able 
to rotate independently, so that—- 


Velocity of sprocket whecl 


Velocity of pinions E 
Tc 64 + 20 84 


T ^ 64 64 
or the hub rotates at a rate 23°8 per cent. 
lower than the sprocket wheel. On the low 


speed, free-wheeling is impossible. 
FAGAN GEAR. 


This gear (Fig. 3) has a sprocket 
working the driving annulus by a Hyde 
free-wheel attachment. ‘The annulus has 
sixty-four internal teeth, which gear with 
four planet pinions rotating on pins 
forming part of the hub-shell. The central 
pinion has twenty teeth; in Fig. 3 it is 
shown loose on the spindle, but it is normally 
pressed towards the left, so as to engage with 
the internal teeth of a collar solid with 


(Figs. 5 and 6) are given, showing the most 
important parts of the gearing separated. 
(The same lettering has been adopted in all 
three illustrations, to prevent confusion.) It 
should be mentioned that Fig. 4 is not quite 
accurate in all its details; thus, the pins LL, 
on which the planet pinions G revolve, are in 
reality small enough to slip into the recesses 
E of the free-wheel clutch C. 

In the two-speed gears already described, 
the high gear is solid, and the low gear pro- 
duced by the action of the epicyclic train. 
А third speed can obviously be obtained by 
applying the driving force to the Y element 
(Fig. т), i.c., to the pins on which the planet 
pinions revolve ; and at the same time con- 
necting the X element with the hub shell. 

Referring to Figs. 4, 5, 6, the plate N, which 
screws into the left end of the hub shell 
with a left-handed thread, has studs on its 
inner face (see Fig. 5). The other end-plate 
is provided with internal teeth K, engaging 


Cycle Change-speed Gears 


with the external teeth Q of the gear-box 
ring I; further, I has internal teeth О to 
engage with the external teeth of the clutch 
ring C. ‘The ring I, which corresponds to 
X, Fig. 1, drives the four planet-pinions С 
(corresponding to Y, Fig. 1), and transmits 
movement to the studs L, and thence to the 
long barre] terminating at the left end in 
teeth M. The central spindle is provided 
with teeth F, and corresponds to Z, Fig. r. 
The springs R and T tend to force the planet 
cage I, the pinions G, and the barrel carrying 
M towards the right. Fig. 4 shows the lowest 
gear in action, the planet cage I, the pinions 
G, and the barrel being pulled to the left by 
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On the change-speed wire being slackened 
the planet cage slides towards the right, 
releasing the teeth M from the studs on N. 
Simultaneously the teeth Q (Figs. 4 and 6) 
engage with the internal teeth of the hub- 
shell at K, thus effecting a direct drive from 
C to I and thence to the hub-shell; the Y 
element of the epicyclic train (pinions С) 
now revolves idly in space. 

A further slackening of the wire causes the 
pins L to slip into the recesses E of the free- 
wheel clutch C ; meanwhile the teeth O of 
the planet cage pass beyond the exterior 
teeth of C. The drive is now transmitted 
from C to the pins L, thence to the pinions G, 


FiG. 4.—SECTION ОЕ STURMEY-ARCHER THREE-SPEED GEAR. 


means of the chain in the interior of the axle; 
in this position the teeth M gear with the 
studs on N. The chain wheel A, connected 
with the free-wheel C, imparts motion by 
means of the exterior teeth of C to the 
planet-cage I, which in turn transmits the 
power zd the pinions G and the studs L to 
the barrel-teeth M, and thence by the studs 
on N to the hub shell. The internal teeth of 
J, gearing with the planet pinions С, аге 64 
in number, and the exterior teeth of the cen- 
tral ixed pinion F are 16 in number: 


Velocity of A, C, or I _ 64 +16 — то 


ee CEC _—— ———— -— 


Velocity of barrel or МА 64 8 


so that the speed of N 1s 20 per cent. lower 
than that of the driving wheel A. 


and through these to I, which, being still 
meshed with the hub-shell by its long external 
teeth engaging with the interior teeth of the 
shell, causes the latter to revolve. 


Velocity of I _ 64+ 16 _ то 

Velocity of A, C, or G 64 8 
so that the hub rotates at a rate 25 per cent. 
greater than the speed of the driving-whecl A. 
Then it will be noticed that the teeth F of 
the spindle are long enough to be meshed 
with the interior teeth of the fixed pinion G 
during the operation of all three gears. 

The gears have the proportion of 25:20:16, 
and are actuated through a Bowden cable and 
a trigger on the handle-bar. ‘The free-whecl 
15, of course, available at all gears. 

2H 
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PEDERSEN GEAR. 


Figs. 7 and 8 illustrate the Pedersen three- 
speed gear. This device resembles the 
Sturmey-Archer in the fact that the middle 
speed is the normal, or “solid”: but differs 
from it, and the Hub and Fagan, in the 
arrangement of the epicyclic train wheels. 


Technics 


the left engage with projections on the inner 
side of the main spur wheel K. This ring 
can be thrown out of action by pressing the 
three studs E towards the left. 

To obtain the high gear, the wheel B is 
allowed to slide till it engages with the larger 
pinion of О, ‘The drive is communicated by 


FIG. 5.—PARTS OF. STURMEY-ARCHER GEAR. 


Fig. 7 shows the gear with part'of the shell F 
cut away. B is a spur wheel and sleeve 
provided with internal guides which slide in 
slots on the main spindle A. The rider 
actuates this wheel by means of a gear change 
lever, a wire cable, and the small chain 
which is shown passing into the hub. When 
the wheel B is in the position shown in Fig. 7, 
the middle gear is in operation, and the whole 
hub runs solid. The plates I and H encircling 
the shell are extended on one side so as to 
give bearings for a secondary spindle and 
spur wheel M, and also for a loose pinion R, 
which is permanently in gear with the smaller 
of the two pinions of the loose collar O. The 
clutch N (solid with M) drives the friction 
clutch P, and forces it tightly into O when 
rotated backwards, thus making O for the 
time solid with M. | 
The clutch ring L has two sets of teeth, 
those on the right engaging with a similar 
set attached to the hub shell, while those on 


K to M, and thence to clutch N ; thence to 
taper friction clutch P, which in turn drives 
the double spur wheel O. 

K has 36 teeth; M has 17; О (large 
pinion), 28 ; B, 20. 

To find the resultant gear, we may proceed 
as follows. Suppose the axis of M and O to 


DA S. um Ж 39 J 2 БИ E 
Fic. 6.—SoME PARTS OF STURMEY-ARCHER GEAR, 
PARTIALLY ASSEMBLED FOR USE. 
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FIG. 7.—PEDERSEN GEAR. 


remain stationary above the main axis A, 
while the large pinion O is rotated through a 
complete clockwise turn; then, since O has 
28 teeth and B has 20 teeth, B will turn in 
an anti-clockwise direction through (28/20) of 
a complete rotation. At the same time, since 
M has 17 teeth, and K has 36 teeth, K will 
turn through (17/36) of a complete anti- 
clockwise rotation. In practice the wheel B 
remains stationary. To pass to this con- 
dition, suppose that the whole arrangement is 
turned as a solid body through (28/20) of a 
clockwise rotation, so as to bring B back to 
its original direction. In this process the 
axis of O and M, and with this the hub, turns 
through (28/20) of aclockwiserotation. K has 
turned through (17/36) of an anti-clockwise 


Ес. 8.—ANOTHER VIEW OF PEDERSEN GEAR, 
SHOWING LOOSE PINION R, 


rotation, and stibsequently through (28/20) of 
a clockwise rotation, the resultant displacement 


being (28/20) — (17/36) = (334/360) of a 


complete clockwise rotation. Thus, 
Displacement of hub _ 2 8 _. 334 _ 252 
Displacement of K 20 ` 360 т 67 


I * 50 (nearly). 
Thus the gain in speed is practically 50 per 
cent. 

While the hub shell is overrunning the 
main spur wheel, the clutch L is inert. But 
when B is traversed to produce the middle 
gear, the inner teeth of K press upon the 
left teeth of L with a wedging stress, and 
force the right teeth into the clutch on the 
shell. In these circumstances the drive is 
direct from K to the hub shell. When the 
rider ceases pedalling, the clutch permits the 
hub to overrun the sprocket and its attach- 
ments. 

A further pull to the left brings B into gear 
with R, already engaged with the smaller 
pinion ofO. B presses on the studs E, and 
throws the clutch L out of action. 

The motion is now: K drives М; M drives 
O; O drives R; M, O, and R revolve 
around B. 

R, as an intermediate pinion, reverses the 
direction of M's rotation with regard to K ; 
О has 19 teeth. To analyse the gear, let us 
suppose that the axis of M and O remains 
stationary above the axis A, and that one 
complete clockwise turn is given to the small 
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pinion of O. Then, since the loose pinion R 
merely reverses the direction, without altering 
the numerical value, of the rotation imparted 
to B, it follows that B will rotate through 
(19/20) of a clockwise turn. As before, К 
will rotate through (17/36) of an anti-clockwise 
turn. То pass to the condition where B is 
stationary (as in practice), turn the whole 
arrangement as a solid body about the axis 
of A, through (19/20) of an anti-clockwise 
turn. B will be brought back to its original 
position; the hub shell will have turned 
through (19/20) of a complete anti-clockwise 
rotation ; while K will have turned through 
(17/36) + (19/20)] = (64/45) of an anti- 
clockwise turn, ‘Thus 
Velocity of К _ 64 . 19 _ 256 
Velocity of hub shell 45 ` 20 171 
= 1'5 (nearly), 

so that the velocity of the wheel K is 50 per 
cent. higher than that of the hub, or ihe hub 
rotates at a rate nearly 33 per cent. less than 
that of K. 


CRITICISM OF GEARS. 


The above accounts have been written 
after a careful dissection of the gears them- 
selves. As pieces of mechanism they all 
show a high finish. ‘Theoretically, at least, 
the Pedersen would seem to have an advan- 
tage over the Sturmey-Archer as regards the 
amount of friction set up by the rotating 
parts, as will be seen by reference to the dia- 
grams. In the case of the Pedersen device, all 
moving surfaces (except, of course, the teeth) 
are kept apart by ball bearings ; whereas in 
the Sturmey-Archer there are, on the high 
speed, one clutch and four planet pinions 
revolving on plain bearings, and the collar 1 
rubbing on the clutch С. On the other hand, 
the Sturmey-Archer is neater in appearance 
than the Pedersen, and less accessible to 
dust. In practice, it would be hard to decide 
the respective merits of the gears. ‘The 
Карап has, it 15 true, а free-wheel action on 
both speeds, the Hub only on the high speed. 
If a free wheel is an advantage under all 
conditions, then the Fagan has in this respect 
a superiority. People will be found, how- 
ever, who prefer a fixed wheel at times; so 


we cannot dogmatise on this point. Again, 
some riders may declare the variations of the 
Pedersen speeds to be too great ; while others 
will consider that the Sturmey-Archer does 
not vary to a sufficient extent. These points 
are more or less a matter of taste. 

It will, nevertheless, be admitted that a 
good three-speed is better than a good two- 
speed gear, since the former enables the rider 
to keep the normal (sohd and, therefore, 
practically frictionless) gear for ordinary use, 
with the high in reserve for favourable, and 
the low for unfavourable conditions, ‘The 
writer has made practical tests of all four 
gears on the road, and his experiences lead 
him to the following conclusions :— : 


(а) That the advantages of change-speed 
gears are so marked as to be beyond question. 

(6) That the amount of friction set up by 
the epicyche train is not noticeable. 

(c) ‘That the rider makes more and more 
use of the highest gear over good, level 
roads. This tends to prove that a fixed gear 
suthciently low for climbing moderate hills is 
not entirely adapted for ordinary riding on 
the level. 

(d) That the high gear of the three-speed 
shows to especial advantage in the descent of 
gentle declines. 

(ce) That the uncomfortable feeling which 


‘at first accompanies a “step-down,” and the 


consequent quickening of the pedalling rate, 
soon disappears with use. 

(f) That a change-speed gear should be 
regarded as primarily an economiser of effort 
rather than as an increaser of velocity. 


Want of space forbids the discussion of 
many interesting points about change gears 
that have been raised in cycling journals. 
For the same reason the writer has omitted 
detailed reference to the Garrard, Sunbeam, 
Protean, Collier, and other gears in more or 
less common use. 

In conclusion, he desires to thank the 
makers of the devices here described for the 
loan of machines fitted with the gears, and 
also of séparate gears for dissection, and of 
diagrams for reproduction. In addition, he 
is indebted for the courtesy with which his 
enquiries have been answered. 
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ATTERY boosters may be divided 
into two classes :— 


(a) Irreversible Boosters. 
(^) Reversible Boosters. 


Irreversible Boosters —When a battery is 
installed to supply current to the external cir- 
cuit during periods of light loads, or when the 
main generators are standing, it is customary 
to charge the battery from the main "bus 
bars, the extra voltage required being 
obtained from a booster placed in circuit 
with the battery. The advantages of this 
arrangement are that the main generators 
need not be called upon to generate a higher 
voltage than is required on the main ’bus 
bars; there is no need to keep a special 
machine for the higher voltage ; and further, 
the external circuit can be fed, and the 
battery charged, at one and the same time. 
There are several ways of combining a 
booster with a battery—the machines may be 
either shunt, series, or compound wound. 
In the shunt-wound booster, the armature is 
driven at constant speed, and is in series with 
the battery across the 'bus bars; the shunt 
coil is connected across the armature or 'bus 
bars, with or without reversing switch (see 
Fig. 13, 2, b and с). Where the shunt is 
across the armature, the excitation depends 
upon the variable P.D. at the booster 
terminals, and this varies the shunt current. 
In the second case, where the shunt is con- 
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nected to the 'bus bars, the voltage across 
which is constant, the excitation has but one 
value, and the boost is constant. To charge 
the battery, the shunt coils must be connected 
so that the booster voltage is added to that 
of the 'bus bars, and for discharging the 
connections must be reversed. The action 
during discharging or charging is fairly 
automatic, but the necessity of providing a 
reversing switch is a serious disadvantage. 

In series-wound boosters (Fig. 14), the 
battery, booster armature, and field are 
connected in series. ‘The arrangement 
requires no reversing switch, since the sign 
of the induced E.M.F. changes with the 
direction of the current through the field, and 
the boost varies with the current by an 
amount depending upon the characteristic of 
the machine, being least when most is 
required. 

Compound-wound boosters (Fig. 15) afford 
a little closer regulation than either of the 
above. The shunt winding, which has to be 
provided with a reversing switch, may be 
connected in either of the ways mentioned 
above, and the series coil connected in the 
armature or feeder circuit. 

These machines are little used except in 
small installations, and as we have yet the 
important second class to consider, it will be 
sufficient, for the present, if we describe one 
form only, which has the advantage of 
simplicity, and requires,only опе regulating 
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switch—-a distinct advantage for small instal- 
lations where the staff very often consists of 
one unskilled man. 

The arrangement is shown diagrammatically 
in Fig. 16; G is the main generator; BB are 
the 'bus bars; M is a shunt motor coupled 
mechanically to the booster B. The speed 
of M, and therefore the voltage of B, is 
controlled by means of the regulator MR, 
which also serves the purpose of starter for 
M. The field of the booster is shunt-wound, 
and is provided with a regulator, which allows 
of wide variation of the voltage across the 
booster armature. ‘The practice of putting 
the armature windings of M and B on a 
common core and using a single field, has 
met with little favour ; most engineers prefer 
two machines coupled together. One terminal 
of the battery is joined up to the "bus bars 
through an ammeter A, which shows the 
current passing, and also whether the battery 
is charging or discharging ; the cells at the 
other end of the battery are connected to 
the booster through the regulating switch RS, 
and the change-over switch CS either puts the 


FIG. 15.—COMPOUND- 
WOUND BATTERY BOOSTER, 
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Fic. 13.—THREE TYPICAL SHUNT-WOUND BATTERY BOOSTERS. 


ЕС. 14.— SERIES-WOUND 
BATTERY BOOSTER, 
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booster in circuit with the battery, or cuts 
out the booster and puts the battery directly 
on the line; when in the off-position, both 
booster and battery are out of circuit. То 
charge the battery, the change-over switch is 
put in the off-position, and all the cells put in 
circuit by means of RS ; the booster field is 
put directly across the "bus bars by cutting 
out SR. MB is next started up to full speed 
so as to allow B to generate at full voltage, 
and the booster is then put in circuit with the 
battery by throwing over switch CS into 
position r, and the charging current indicated 
on А is brought to its proper value by 
regulating the speed of M, or by altering the 
excitation of B. When the battery is charged, 
the shunt regulator of B and the regulating 
switch are adjusted until А indicates no 
current: the battery circuit is then opened 
by means of CS, and the motor stopped. 
The battery voltage, as indicated by V, can 
be adjusted by means of RS to the required 
value, and the battery switched directly on to 
the 'bus bars at CS, when G may be stopped. 
Automatic Reversible Boosters."*-— In. all 
traction stations it is no uncommon thing 
for * peaks" of two and a half times the 
mean current to occur several times an 
hour ; the load varying between zero and 
450 K.W.,the average output being about 
150 K.W. (see Fig. 17). 

It is obvious that a battery alone is of 
little use in such cases. When a discharge 
is taken out of it, its voltage will fall, and 
the discharge will cease; and when a 
charge is put into it, its voltage will rise, 
and the charge will cease. To overcome 
these difficulties, the Automatic Reversible 
Booster has been designed ; for manifestly 


* See Journal of the Institute of Electrical 
Engineers, Vol. XXX., p. 1040, 1901, for a full 
discussion, 


Fic. 16.—METHOD OF USING IRREVERSIBLE BOOSTER. 


where a battery is used to equalise the changes 
of load, the booster must be automatically re- 
versible. ‘These machines are chiefly used 
for working on a power system with a battery 
in parallel with the generators, the object 
being to keep the load on the dynamos 
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practically constant, the 
battery discharging when 
the load .rises above the 
normal, and charging when 
it becomes less than the 
normal. Briefly stated, the 
advantages claimed for the 
system are :— 


I. The saving in initial 
capital outlay. 

2. Constant operation of 
plant at full load or maxi- 
mum efficiency. * 

3. Saving in wages at the generating 
station, through shortening the running 
hours. 


* Under certain conditions often met with in central 
stations it is altogether impracticable to operate the 
plant at full load continuously. See later. 
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4. Means of charging the battery while 
operating the load. 

5. Automatic control of the battery. 

In order to get the quick reversal neces- 
sary, as little iron as is compatible with 
efficiency should be used in the magnetic 
circuit, and. both armature and field. magnets 
should be finely laminated ; a little care in 
the design will save endless trouble after- 
wards. | 

We shall describe the machines most 
commonly used in this country, each of 
which has had a fair trial, and gives every 
satisfaction. 
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a current flows in coil C in one direction, 
and when the battery pressure is higher, in 
the other direction. Thus, for every volt 
fall of the battery, the booster gives one 
volt positive, and for every volt rise of the 
battery, the booster gives one volt negative. 

In order that any considerable current 
may pass out of, or into, the battery, it is 
necessary to provide further excitation to 
provide for the armature reaction. ‘This 
gives a means of regulating the amount of 
current. that shall pass. The differential 
coils А and B accomplish this. Соп A 
carries. the whole (or a definite adjusted 


Fic. 18.—CnRoMPTON МАСІХТОЅИ BOOSTER ARRANGEMENT. 


Crompton MacIntosh Booster. — This 
machine was one of the first to be intro- 
duced for running a battery in. parallel with 
the main generators, and is generally known 
as the “Chelmsford Booster." ‘The booster 
is connected in series with the battery ; its 
field, which varies and reverses automatically, 
is a function of the feeder load and of the 
battery volts. 

In this way, the ’bus bar pressure, which 
is equal to the battery volts fus or minus 
the booster volts, is kept constant. When 
the feeder current rises above the normal, 
the booster draws a corresponding current 
out of the battery; and, when the feeder 
current falls below the normal, the booster 
forces the surplus current into the battery, 
always keeping the generators at the same 
load, and preventing the 'bus bar volts from 
varying. 

Fig. 18 shows the main generators, the 
battery, and the booster driven by a motor. 
The booster field is excited by the coil C, 
and the differential winding А and В. 

When the battery volts are equal to the 
'bus bar volts, there is no current in coil C, 
and it has no effect. When the battery 
pressure is lower than that of the ’bus bars, 
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proportion) of the feeder current; coil В is 
a shunt coil which opposes A. 

To take an example: Suppose the ‘bus 
bar voltage is 500, and the mean load is 
400 amperes, and that the generator is to 
be kept constant at this. 

When the feeder current is 400 amperes, 
col А wil exactly equal coil B, and the 
differential excitation will be nil. 

I. Now suppose the feeder current rises to 
goo amperes, 500 aniperes are required from 
the battery. Coil A will overpower coil B, 
and will produce a discharge voltage just 
sufficient to compensate for the armature 
reaction of soo amperes. А discharge current 
of that amount, and no more, will therefore 
flow. ‘This will cause the battery to fall to 
about 450 volts, but the result of this 15 to 
make a current flow in coil C, proportional 
to the difference between the ‘bus bar and 
the battery voltages; and the excitation of 
coil C under these conditions will give exactly 
50 volts positive to the booster, so that the 
battery and the booster volts will be 4504-50 
= 500 = the "bus bar volts. 

As the discharge continues, the battery will 
fall still lower, but for every volt it falls, 
coil C will add a volt to the booster. 


Boosters 24] 


2. Suppose, next, that the feeder current 
drops from доо to roo amperes. It is desired 
to still keep the generator at 400 amperes, 
therefore 300 amperes must go into the 
battery. With а feeder current of roo 
amperes, coil A will be only one quarter as 
powerful as coil B, and the differential 
excitation. will be in the opposite direction 
from what it was in the first case. 

It will, in fact, be just strong enough to 
compensate for the armature reaction of a 
charging current of 300 amperes. The 
battery voltage will quickly rise from 
below 460 to about 540, and coil C will 
reverse, giving the booster a voltage of — до. 
The battery and booster will therefore be 
$40 — 40 = 500, the ’bus bar voltage. 

These two cases show how the generator 
may be kept constantly at full load, and how 
all variations are taken up solely by the 
battery. 

When it is desired to run the station on 
the battery alone, without the assistance of 


without a spark. Now put coils А and B in, 
and the switching in is complete. | 

In some tramway stations it is desired to 
make the 'bus bar voltage rise and fall in 
proportion to the load, so as to compensate 
for the drop in the outgoing feeders. It is 
evident that this cannot be accomplished by 
over-compounding the main generators, the 
current from which being kept constant 
whatever may be the load. 

Crompton's method is shown in Fig. 19. 
The arrangement is similar to their booster 
(Fig. 18), the only difference being the 
equaliser bar introduced in such a way that 
the battery current as well as the generator 
current flows through the series winding of 
the generator. This causes the 'bus bar volts 
to rise in proportion to the total outgoing 
current, and the battery and booster volts 
will still be equal to the 'bus bar volts at any 
moment, no matter how the latter may charge. 

This booster enables both the current and 
the voltage to be entirely under control. 
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Fic. 19.—CroMrPron’s COMPENSATING BOOSTER, FOR TRAMWAY STATION, 


a generator, coil B is cut out. This coil can 
be varied in strength, by means of a rheostat, 
according to the size and number of the 
generators which are running. 

The operation of switching the battery and 
booster on to the lines is as follows :—Put 
the three-way switch on the middle stud, and 
put the battery circuit breaker in. The 
battery will probably stand at quite a different 
voltage from the ’bus bars. Now run up the 
booster (which is on open circuit). Cut out 
coils A and B, but leave coil C in. The 
booster will be found to give а voltage 
exactly equal to the difference between the 
battery and the ’bus bars, and the three-way 
switch may therefore be thrown on to the 
booster stud, completing the battery circuit 


о Хо 
оосо“ 

The illustration at the head of this article 
shows a Crompton MacIntosh booster, to- 
gether with the necessary switch-gear, the 
wiring for which will readily be understood 
by comparing with Fig. 18. 

The Highfield Automatic Reversible Booster. 
—The chief feature of this booster is that it 
functions with balanced voltages instead of 
balanced currents. The combination con- 
sists of three machines— booster, motor, and 
exciter. As will be seen from Fig. 20, the 
booster field has three windings—a shunt 
coil and two series coils. ‘The shunt coil A 
is capable of giving a maximum boost, on 
charge, of r20 volts for a 500-550 volt 
machine. The series coil B, which. the 
makers term the “ diverter coil,” carries a 
2 I 
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Fic. 20.—HIGHFIELD AUTOMATIC REVERSIBLE BoosTER. 


portion of the whole output of the station, 
and gives a small boost (the maximum 
being 5 per cent. of the line pressure) in 
the discharge direction, and serves to keep 
up the pressure during periods of maximum 
fluctuations, and to account for the drop in 
the leads and feeders. The third coil C 
consists of two or three turns only in series 
with the armature, and overcomes the re- 
action of the latter. The exciter is arranged 
to give any pressure between 500 and 550 
volts, and one pole is connected through the 
booster shunt coil A to the battery terminal 
of like polarity, and the other pole to the 
other battery terminal. ‘Thus the exciter is 
connected through the booster shunt, across, 
and in opposition to, the battery. It will 
thus be seen that so long as the voltage 
across the battery is equal to the voltage of 
the exciter, the two pressures will balance 
each other, and no current will flow through 
the booster shunt field, and there will be no 
boost; but as soon as the battery volts drop 
on discharge, the exciter will send a current 
through the booster field, and the resulting 
voltage across the booster armature will be 
exactly equivalent to the drop across the 
battery terminals, keeping the voltage of the 
combination constant. Thus, supposing 


( To be 


PRACTICALLY all the soluble phosphorus 
containing constituent of wheat bran is a 
magnesium-calcium-potassium salt 

A Phospho- of an organic phosphorus acid of 
Organic Acid the formula C, H,P,O,, which is 
Wheat Bran probably identical with Poster- 
naks — anhydro - oxymethylene 
diphosphoric acid. The alkali salts of this 
acid are freely soluble, the calcium copper 
salts are slightly soluble, and the barium and 
strontium salts are but sparingly soluble in 
water. This acid and its salts seem to be 
widely distributed in the vegetable kingdom ; 


the exciter is set to give 550 volts, should 
the battery fall to 5oo volts, the boost in 
the discharge direction will be со volts. 
Records show that the line voltage can be 
maintained within т per cent., notwithstand- 
ing peaks of 350 amperes. When the voltage 
of the battery rises, a current flows in the 
booster shunt field, proportional to the differ- 
ence between the battery voltage and that of 
the exciter, which is motored; the booster 
armature then gives a pressure equal to the 
rise of battery pressure. Speaking generally, 
the exciter runs as a motor when charging, 
and as a generator when discharging: but 
occasionally, when the cells are low, charging 
begins at a lower pressure than the line 
voltage, and under these conditions the 
booster runs as a motor, and the motor as 
a generator, returning energy to the line. 
Also when the battery is fully charged, the 
pressure is generally greater than the line 
pressure ; should the battery in this condition 
be called on to discharge, the booster opposes 
this discharge, and is motored; the motor 
then runs as a generator, and returns energy 
to the line. Some recent tests show that 
this arrangement brings about a saving of 
some 30 per cent. in the amount of current 
required to run the motor. 
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they have been found in the seeds of the red 
fir, peas, beans and lupines, and in the potato 
and other tubers and bulbs. (A. J. Patten and 
E. B. Hart: Bull. No. 25o, New York Agri- 
cultural Experimenting Station, Geneva, N.A.) 
S. Posternak finds that all vegetable reserve 
material destined for future nourishment of the 
embryo contains an organic phosphorus com- 
pound which has not hitherto been described, 
and which he names “ Phytin.” Its empirical 
formula is C,H,P,O, ; it has the constitution 
of an anhydro - oxymethylene - diphosphoric 
acid. (Journ. Pharm. Chim. |6], 18, 543.) 


LEADLESS DECORATIVE TILES, FAIENCE AND MOSAIC: 


By WILTON P. RIX. 


Y the publication of this ex- 
haustive work, the author is 
to be congratulated on 
having conferred an im- 
portant benefit on the 
community at large. 

It 15 true that the subject 
of leadless glazes in its technical aspect is 
one which has called forth the most diverse 
opinions from those who might be deemed 
competent judges. To the lay observer and 
the retail consumer, however, all the practical 
difficulties which beset the manufacturer in 
abandoning the use of plumbic glazes are not 
likely to be apparent. 

The broad consideration of general excel- 
lence at the lowest price, by whatever 
means obtained, naturally commends 
itself to the retail purchaser. The 
whole contention for and against the 
use of leadless glazes must finally 
centre around this issue. 

But the insidious evils arising to 
the worker from the use of glazes 
containing free lead, occasionally 
ending in paralysis, blindness, or 
death, cannot possibly be ignored, 
and the saving to the consumer at 
such sacrifice is wholly unjustifiable 
if it can be avoided. 

It has been contended by the 
majority of manufacturers that the 
adoption of any of the formula for 
lead-free glazes at present known 
was impossible, owing to the increase 
of defective ware produced and the 
inferior brilliancy of the glaze texture. 

To the solution of this problem the author 
has devoted many years of patient research, 
and the present volume now issued gives the 
result of his efforts, so far as it relates to the 
more fusible glazes required for decorative 
faience and architectural tiles. 

Mr. Furnival has, however, wisely extended 
the scope of his book to include much that 
will be interesting to the general reader, a 
considerable portion of the work being 
devoted to a historical review of ancient tile 
work, and the rise of the modern industry. 
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* LEADLESS DECORATIVE TILES, FAIENCE AND 
Mosaic, By W. J. Furnival; pp. xxiv.+852, with 
329 diagrams and 37 plates. Published by the 
Author at Stone, Staffordshire ; 1904. 


In dealing with this portion of the subject, 
the author has been most fortunate in 
securing the assistance of such well-known 
authorities as Dr. Stephen W. Bushell, M.D., 
C.M.G., who contributes notes on Chinese 
Faience; C. Stanley Clarke, Esq., who 
writes on Indian Tile Decoration; and 
J. H. Marshall, Esq., who has added some 
pages on Tile Decoration in Punjab and 
Bengal. The whole work is profusely 
illustrated with subjects which not only 
embellish the work, but are also distinctly 
relevant to the matter in hand. 

In the more practical sections of the book 
the reader is furnished with chapters treating 
of every branch of the manufacture, these 
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being largely composed of quotations from 
leading authorities in their respective de- 
partments. 

The writer, by adopting this method, has 
no doubt furnished a useful encyclopzedia of 
the statements of scientific and practical men. 
Its value, however, would be greatly in- 
creased by a less diffuse treatment or a more 
copious index. The uninitiated student will 
also, no doubt, find some embarrassment 1п 
discriminating between the statements and 
opinions quoted from so many sources upon 
the same subject, some of which may have 
much greater weight of authority than others, 
and upon this point the writer is in most 
cases silent. 
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The chapter on sources and preparation of 
materials is very ample in its details. ‘The 
student will find here much interesting 
matter having reference to the occurrence of 
these materials in all parts, including America 
and the Continent. Much of the information 
is made available from sources not usually 
accessible to the general reader, and is for 
this reason all the more valuable. More 
especially is the study of this section neces- 
sary, as the manufacture of pottery becomes 
extended to new countries and districts 
where materials are available only in their 
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e 
raw state, and cannot be obtained ready 
prepared as in this country. 

Among other matters, the effect of fine or 
coarse grinding of materials, and also of wet, 
compared with dry grinding, is fully dealt 
with in extracts from the numerous state- 
ments of experts. The author points out 
that “ суеп as far back as the time of Josiah 
Wedgwood the effect of fineness of grinding 
potters’ materials had been an object of 
concern, inquiry, and experiment.” 


The conclusions arrived at by tests, quoted 
from the North Stafford Ceramic Society’s 
transactions, are given as under :— 

(1). The flint in an earthenware body 
causes the contraction to vary inversely as 
the diameter of its grains. 


(2). The porosity varies directly with the 
diameter to *os m:n.; below that it varies 
inversely as the diameter. 

(3). The effect on the glaze is that the 
tendency to craze increases with the size of 
the grains of flint. 

(4). The stone in an earthenware body 
causes the contraction to vary inversely as 
the diameter of its grains. 

(5). The porosity varies directly as the size 
of grain. 

(6). The cffect on the glaze does not tend 
to crazing, but the eggshelly effect diminishes 
with the size of grain; but when the 
stone is less than —029 mm. diameter, 
it causes a blistering of the body 
when glazed. . 

(7). The size of grain in the body 
does not produce “ spit-out" ware. 


The technical reader will find much 
valuable information in the section 
devoted to ceramic pyrometry, which 
treats very fully of the subject, and 
includes illustrations and details of 
all the latest appliances. 

The criticisms on the limitations 
of the Wedgwood Pyrometer are 
especially useful, showing as they do 
the difficulty of attaining practical 
and accurate indications of the true 
character of the firing process. 

The quotations are worthy of the 
careful attention of the student, and 
form a very useful epitome of the 
subject. 

Thus the author quotes the very 
important point noted by Mr. Watkin, 
that * Pottery firing is not conducted 
for the estimation of temperature, 
but for the purpose of increasing 
the density and vitreousness of ware," and 
further, “ Contraction, density, and vitrescence, 
which always accompany the firing of pottery, 
are not necessarily produced at any given 
degree of heat. The contraction and increase 
of density as the result of firing are not always 
strictly proportionate to the degree of heat 
to which such bodies have been exposed." 

The use and composition of Seger Cones 
is also fully described ; and the criticisms of 
Professors Orton (junior), Binns, and Langen- 
beck, on the construction of the formulz for 
these cones, are also added. 

There appears to be little doubt that 
certain of these cones are open to improve- 
ment as regards their composition, and the 
suggestions of Langenbeck and Binns are 
quoted, practical mixtures. being stated in full. 
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The pyroscopes of Holdcroft and the 
heat recorders of Watkin are also efficiently 
explained. 

The remaining portion of the chapter 
consists of an extended notice of the various 
forms of thermo-electro pyrometers, which is 
admirably illustrated. 

In reply to an interesting enquiry made as 
to “the possibility of ascertaining the tem- 
perature existing in the interior of potters’ 
kilns when under fire, by means of wireless 
electric currents traversing the kiln between 
electrodes fixed on either side outside the 
kiln,” the following reply from Sir Oliver 
Lodge is quoted, which is deserving of 
notice :— 

* [ think it is quite possible that something 
like a thermometric arrangement across the 
hot space inside a potters kiln could be 
arranged without any interior conductors. 
I assume that carbons might be passed 
through the walls into the interior. The 
plan would be to measure the conductivity 
of the air inside; it is bound to depend on 
temperature, but it would not discriminate 
local from average temperature. I do not 
say that it would be automatic, but I think it 
might be troublesome. Moreover, a great 
deal of work on the subject would be 
necessary in order to make it possible." 


Chapters VI. and VII. are devoted to 
floor tiles, and in dealing with the firing 
of these goods, extracts from a paper by 
Professor Orton, junior, are most judiciously 
selected. 

Thus in reference to the dehydration 
period this is stated to be divided into :— 

“ (а) Expulsion of hygroscopic water 
from the clay. 

* (b) Combustion of 
matter. 

“ (с) Distillation of S from pyrites, 
leaving FeS. 

*(4) Dehydration of kaolinite, ferric 
hydroxide, and other hydrous minerals. 

“(e) Decarbonisation of carbonate 
minerals.” 


carbonaceous 


With reference to the oxidation period, 
Professor Orton tells us that it has been 
his experience “that the difficulties and 
losses in the burning of crude clay-wares are 
more largely referable to mismanagement of 
this phase of the burning than to any other.” 


In reference to vitrification, the following 
extract from Professor Orton’s paper is also 
worthy of note :— 
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“Complete vitrification means that stage 
of a clay-burn where it becomes densest and 
strongest. All clays pass in burning through 
a series of stages, and are progressively 
harder, stronger, and denser up to a 
maximum ; after that they begin to fall off.” 


Under this section the author also treats of 
firing with natural gas, as adopted in America. 
Considerable space 15 also devoted to the 
discussion of the possibility of adopting Mond 
gas for burning pottery ware. 

It may be noted, however, that no practical 
suggestions or statistics appear to be available 
for the guidance of the potter, and the matters 
scem hardly to have passed the initial stage. 

While the ordinary reader will no doubt 
turn with interest to the historical portions ot 
the work, the potter will naturally look for 
new and practical information and the result 
of fresh research. In both these directions 
the technical reader will not find himseit 
disappointed. ‘Though the space occupied 
represents but a very small part of the whole, 
the proportion of labour entailed in verifying 
the same is by no means so limited. 

Mr. Furnival has given a considerable 
serles of formulz for floor tile bodies, and 
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also of those for glazed tiles, decorative 
slips, parian bodies, and vitreous stone bodies. 
Many of these will doubtless prove valuable 
to the potter seeking for new recipes as a 
basis for improving his manufacture. 

The author, however, gives no indication 
as to whether these formulie are the result. of 
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his own research, or whether they have been 
verified by him under commercial conditions. 
'The addition of a note stating the most 
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suitable temperature and the shrinkage of the 
bodies, would greatly enhance their value in 
practical work. 

A series of twenty-four underglaze colours 
is also given which, it may be presumed, 
have been found specially suited for use with 
leadless glazes, though this is not stated. 

Among these the absence of yellow is 
noticeable, the writer merely "suggesting " 
the use of yellow rutile diluted with tile body. 

The use of copper is also entirely 


' eliminated. 


In Chapter XI. the reader will find the 
raison d'étre of the whole work, the subject 
being “ Leadless Glazes and Art Enamels.” 

The special qualities demanded in such 
glazes differ somewhat from those required 
for domestic earthenware and china. For 
faience especially, complete fusibility at a 
low heat is essential, while the capacity to 
produce brilliant and rich tones of colour 
when fritted with metallic oxides is equally 
needful. 

As to the former point, the reader is 
furnished with a table of temperatures at 
which the frit mixtures proposed will fuse, 
showing a range from 700° C. to ооо” C. 

On the second point of colour and texture, 
the author says :— 

* Respecting the particular series of recipes 
for such glazes published in the following 
pages, it is not claimed that they will under 
every set of conditions, favourable or ad- 
verse, yield products superior to those on the 
market, or beyond criticism. What is ex- 
pected of them, as the result of many 
experiments, is that they will yield, to the 
exercise of equal skill and favour, results 
equal to the average of contemporary pro- 
ducts in lead glazes for like purposes, except 
in the case of red and French-pink glazes." 


In reference to texture, the author here 
quotes a very significant passage from Dr. 
Seger, of Berlim, who says :— 

“The lead oxide, without doubt, is the 
metallic oxide most suited for the production 
of glazes. Its solubility in water, which 
permits of its use in the free condition ; the 
instability of its compounds, and especially 
of the carbonates and sulphates ; its fusibility 
and the fusibility of its silicates . . . . are 
properties which no other metallic oxide can 
attain; these are all reasons why lead oxide 
is so suitable as a glaze material. 

“ At this point I wish to call attention to 
the fact that the pottery coated with a glaze 
free from lead assumes a different character 
entirely ; it loses the gloss peculiar to lead 
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glazes, and assumes more the character of 
the porcelain glazes. In how far this may 
injure or benefit the industry commercially, 
I shall not venture to say; but I believe that 
this question will not offer an obstacle to the 
use of glazes free from lead." 


Criticising these statements, Mr. Furnival 
Says :— 

* As to comparative glossiness, however, 
apart from shimmer, the writer's experience 
shows that certain leadless glazes, dipped on 
the same pieces of ware and burned in the 
same sagger with lead glazes, yield results 
equal to lead glazes, and sometimes more 
glossy." 


The author next proceeds to deal ex- 
haustively with the influence of the various 
fluxes capable of use as alternatives to lead. 
He also adds a carefully written note on 
comparative costs, in connection with which 
he states :-— 

* But to make a just comparison, it 15 
necessary to take into consideration. the 
relative covering. power, because, by reason 
of the lower specific gravity of leadless glazes, 
it has been found in practice that weight for 
weight they cover considerably more ware 
than lead glazes." 


More than thirty pages are allotted to a 
complete series of formula for colourless and 
coloured glazes and frits. "The colourless 
glazes are thirteen in number, one of the 
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noticeable features benig the small contents 
of unfritted ingredients which vary from 
Sto ro per cent. From these are constructed 
formule for coloured glazes, some 150 in 
number, producing more than 50 tints. 
Respecting these, the writer states :— 

“The following recipes include a consider- 
able assortment of various tints and hues, 
which may be increased by mixing the 
several glazes together in various proportions, 
regard being paid to those glazes that agree 
well when mixed together." 


So far as can be seen, the heats at which 
these colours mature appear to give sufficient 
margin for producing glazes of suitable 
fluidity. It is, however, unfortunate that 
Mr. Furnival omits to state the actual 
temperature at which the respective glazes 
will fire to the best advantage. 

This, however, is a point that can be easily 
ascertained by the practical potter, who will 
doubtless also desire to find out whether 
these glazes are free from the usual objection 
of sluggish fluidity and absence of readiness 
to heal slight defects left in dipping, to which 
hitherto leadless glazes have been peculiarly 
liable. 

If this should be the case, the book will not 
only prove a valuable addition to ceramic 
literature, but also a boon to the practical 
potter, by removing the stigma which has 
hitherto attached to the deleterious nature of 
the potter's art. 


ACTION OF WATER ON SILICON. 


A DISTINCT amount of hydrated silicon is 
formed after from 6—12 hours, when silicium 
is left in contact with water at 95? in a glass 
tube. If a platinum vessel be used, or if 
faintly acid water be used in a glass vessel, 
no reaction occurs. Water distilled from 
platinum vessels has no action on silicium 
placed in a small vessel made of fused 
silica. An infinitesimal trace of alkali is 
necessary to start the reaction in a glass 
vessel. The small amount of alkaline silicate 
formed is dissolved by the water, and the 


action becomes progressive. The necessary 
alkali is dissolved by the water from the 
glass. 


51+ 2NaOH + HO = SiO,Na, + 2H, 


Crystalline silicon dissolves in pure silver 
better than in zinc or lead, and after crystal- 
lising from its solution in silver is soluble in 
hydrofluoric acid. The silicon obtained 
hitherto has been insoluble in this acid. (H. 
Moissan and F. Siemens. Comptes Rend. 


138, 939, 1299.) 


THE ELECTRO-MAGNETIC THEORY. 
Explained without the Use of the Higher Mathematics. 


Parr VI.—MAGNETISATION. 


By EDWIN EDSER, A.R.C.Sc. 


N the February number of 

TECHNICS it was proved that, 

within a long solenoid wound 

with лу turns of wire per 

centimeter length, the mag- 

netic field (force per unit N 

pole) is equal to дт Cm, 

where C is the c.g.s. value of the current 

flowing along the wire. If a rod of iron or 

other magnetic material is placed. within the 

solenoid, this will become magnetised ; con- 

sequently 47 С, = H is called the maguetising 
force to which the iron is subjected. 

If the rod of iron is very long in comparison 
with its sectional area, the lines of force, after 
leaving its N pole, will diverge very quickly, 
so that over any chosen path from the N to 
the S pole the average force on a unit pole 
will be very small ; the value of this average 
force will diminish as the length of the 
rod increases, and finally for a rod of 
infinite length the force will be equal to 
zero. In general we may neglect the 
average force which acts on a unit pole 
as it is carried from the N to the S pole of a 
magnetised rod, if the length 1s more than 500 
times the diameter of the rod ; and, therefore, 
in carrying a unit pole from the S to the 
N pole inside the rod, and then from the N 
back to the 8 pole outside the rod, work will 
be done only while the unit pole is within the 
rod. If the number of lines of force per 
square centimeter within the rod is equal to 
B, then the force acting on the unit pole 
within the rod is equal to (В/д), and the 
work done in passing from the 5 to the N 
pole within the rod is equal to (В/и) х 7 ergs, 
where Z is the length of the rod in centimeters. 
Let us suppose that the path from the N back 
to the S pole is chosen so that it goes straight 
from the N pole through the windings in а 
direction perpendicular to the axis of the 
solenoid, then along any arbitrary curve, and 
finally back to the S pole in a direction. per- 
pendicular to the axis of the solenoid. In 
this case, the path will embrace those turns 
wound on a length / of the solenoid, 2.е., Z 75 
turns; consequently the work done in 
traversing the whole of the closed path from 
the 5 to the N pole inside the rod, and back 


from the N to the S pole outside the rod, will 
be equal to 4 7 times the current multiplied 
by the number of turns of wire embraced, or 


47 Cn Z-2H/ergs. Hence 
B/. gy 
p 
and B = pH. 


It thus appears that the lines of force per 
square centimeter within the iron are и times 
as numerous as if the iron were absent. 
Within the iron the force acting on a unit N 
pole is the same as if the iron were absent ; 
but if a narrow transverse cut were made 
across the rod, the force acting on a unit М 
pole placed in this cut would.be equal to 
В = p H, since the lines of force cross the 
slit in air. Let a rod be magnetised by a 
given current flowing round a solenoid ; then 
it is easy, by the magnetometer method, to 
determine the pole strength of the rod. If 
this 1s done, and we can find the connection 
between B and the pole strength, we can 
calculate the value of B. The value of the 
magnetising force H being known in terms of 
the magnetising current C and the number ot 
turns per centimeter wound on the solenoid, 
the value of (В/Н), or д, can be found. 

The number of lines of force per square 
centimeter within the iron (Ze, B) must be 
equal to the number of iines of force per 
square centimetcr due to the current flowing 
round the solenoid (7e, H) plus the number 
of additional lines of force per square centi- 
meter due to the iron itself. Let us suppose 
that, without altering. the number or distribu- 
ton of the lines due to the iron itself, we 
remove those due to the solenoid ; and that 
in this case the pole strength of the mag- 
netised iron rod is equal to m. Then we 
know that 47 » lines leave the N pole, and 
the same number of lines enter the S pole of 
the rod ; according to supposition, these lines 
proceed straight along the гой internally, so 
that if a is the sectional area of the rod, 
(47 mfa) will be the number of lines of force 
per square centimeter within it. 


Thus B =H+47". B x.osXq 
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The quantity m/a is called 
the intensity of magnetisation 
of the rod, and is generally 
denoted by I. Thus I is the 
pole strength per square cen- 
timeter sectionalarea of the rod. 

If the length of the rod is /, 
this will be approximately 
equal to the distance between = 
the poles of the magnetised © |? 
rod, and we therefore have 

I- 7 2 M 

a v 

where M is the magnetic 
moment, and z the volume of 
the rod. Thus I, the intensity 
of magnetisation of the rod, is 
also equal to the magnetic 
moment per unit volume of 
the rod. From (1) 

B-H-c47I 


B IN KILO-LINES PER SQ. C 


TE SE I 
хае = + 4т+д . (2) 


The quantity (I/H) is called 
the magnetic susceptibility of 
the substance of which the 
rod is composed, and is usually 0 20 
denoted by the symbol x. 
From (2) 

= 1+ 47K. 

The above reasoning shows that by deter- 
mining the pole strength or magnetic moment 
of a given rod when placed in a known 
magnetising field, the value of B within the 
rod can be found, and from this we can 
determine the permeability д of the rod. 
The curves in Fig. 1 give general values of B 
for different values of H, for soft iron, glass- 
hard steel, cast iron, nickel and cobalt. From 
Fig. 1 it will be seen that д is not a constant 
for any of these substances: as H increases, 
the ratio of B to H at first increases, then 
reaches a maximum value, and finally 
decreases. 

We must now consider the variation of B 
with increasing values of H in greater detail. 
It has been found that if a rod of unmagnet- 
tised iron is subjected to a very small 
magnetising force H (less than about 0°04 
c.g.s. units for soft iron), B is proportional to 
H ; sothat if H is plotted horizontally and B 
vertically, we obtain a straight line O C 
(Fig. 2). When H reaches a certain value, 
B suddenly commences to increase much 
more quickly than H, so that the next part 
of the magnetisation curve can be represented 
by the line CD. After the point D on the 
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Fic. 1.—MAGNETISATION CURVES FOR SOFT IRON, STEEL, 
CAST IRON, NICKEL AND COBALT. 


curve has been reached, the value of B ceases 
to increase so quickly, and the remainder of 
the curve is the straight line DE. At the 
point D the iron is said to be saturated; from 
this point onward an increase in H leads to 
no increase in the number of lines of force 
due merely to the iron, the only increase in 
B being due to the increase in the lines of 
the magnetising field. In practice the angles 
at C and D are found to be rounded off as 
shown in the full line curve. 

When the iron has been magnetised so that 
B reaches the point E (Fig. 2), a gradual 
diminution in H causes B to follow the curve 
EF; consequently when the magnetising 
field has been entirely removed the magnetism 
has not sunk to its original zero value, but is 
such that B still retains the value О F. The 
value of O F, which is a measure of the 
so-called residual magnetism, varies with 
different samples of iron: it is small for soft 
iron, and sinks to zero when this is subjected 
to vibration ; on the other hand, it is fairly 
large for hard steel. If the magnetising field, 
after being reduced to zero, is gradually 
increased in a reverse direction, the value ot 
B follows a curve such as F G (Fig. 2) ; thus 
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FIG, 2. 
GENERAL-FORM-OF MAGNETISATION CURVE. 


a reverse field equal to О Gis required to 
destroy the magnetism remaining to the rod 
when the original magnetising field sank to 
zero. О С is termed the coercive force; Y 15 
very small for soft iron, but larger for steel, 
especially when this has been hardened. 

If the reversed field is now numerically 
increased, B becomes negative, and follows 
the curve GK (Fig. 3). Оп gradually 
diminishing H until it falls to zero, B follows 
the curve K L, and a subsequent increase of 
H in the positive direction causes the curve 
to run into the original curve OC D E at 
some point between C and D. 

It is thus possible, starting with a value of 
B corresponding (say) to E, to cause B to 
follow the closed curve ЕЕС К LE. This 
operation, in which the iron is finally brought 
back to its original magnetic condition, is 
called a cycle of magnetisation. 

From Figs. 2 and 3, it is seen that a line 
parallel to the axis of B, drawn through any 
value of H, cuts the complete magnetisation 
curve in two points. Thus the value of B 
depends, not only on the value of H, but also 
on the magnetic conditions to which the iron 
has previously been subjected. This fact, 
first investigated by Professor Ewing, denotes 
that the magnetic properties of a substance 
are subject to Aysferesis. Hysteresis is a 
general term which may be applied to any 
property of a substance when the value of 
this property depends, not only on the 
present treatment, but also on the past 
history of the substance. 

The energy stored in unit volume of a 
magnetised substance has already been found* 
on the supposition that ш 15 a constant ; since, 
however, ш is not constant for magnetic 
substances such as iron, steel, nickel, or 
cobalt, a further investigation is necessary in 
order to find the energy per unit volume of 
these substances. Let A B, CD (Fig. 4) 


* TrcHNics, Vol. II., No. 12, December 1904, 
p. 579. 
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represent the traces of two planes drawn 
perpendicular to the lines of force in a 
magnetised substance : the lines of force are 
represented by straight lines with arrow heads. 
Let the substance be magnetised by a field H 
equal to M N (Fig. 2), the value of B being 
equal to O M ; and let us suppose that a very 
small increase in the value of H causes B to 
increase to OP. We may suppose this 
increase in B to be produced as follows : 
In the plane С D let there be a number of N 
magnetic poles, each of which is neutralised 
by an S pole with which it is associated ; then 
if we remove a number of the N poles from 
C D and convey these to A B, leaving the S 
poles behind, we shall increase the number of 
lines of force passing from A B to C D, or, in 
other words, we shall increase B. Let the 
perpendicular distance between the planes 
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FIG. 3.—GENERAL FORM OF COMPLETE 
MAGNETISATION CURVE. 


A B and CD be equal to Z, and let the sum 
of the poles removed from unit area of CD 
and conveyed to unit area of A B be equal to 
m ; then since H denotes the force acting on 
a unit pole at any point between the planes 
A B and C D, the work done in conveying 
the poles, of combined strength m, from C D 
to A B is equal to Н m X d. A unit pole 
gives rise to 47 lines of force, so that the 
poles of strength # give rise to 47 m lines of 


ING THE ENERGY ABSORBED IN INCREASING 
THE MAGNETISATION OF IRON. 


The Electro-Magnetic Theory 


force, which travel straight across from unit 
area of A B to unit area of CD; therefore 
4T m will be equal to the increase in the lines 
of force per unit area passing from A B to 
C D, or to the increase in B: let this increase 
be denoted by 2, which will be equal to M P, 

ig. 2. Then since д = 4-77, we have 
м — (b/ дт), and the work done in increasing 
B by the value 4 is equal to 


Hm х d= u^. 


4T 

The work done is converted into potential 
energy stored in a space of unit area and 
thickness d; £e, in d cubic centimeters of 
the substance. Hence, the energy stored in 
unit volumes of the substance is equal to 
(H4/47). But Н is represented, in Fig. 2, by 
MN, and 2 by МР; therefore, Hd represents 
the area of the rectangle PN, and the energy 
stored per cubic centimeter of the substance 
due to increasing В from OM to OP is 
equal to the area PN divided by 47. 

We may divide the area ONERO (Fig. 2), 
into a number of elementary rectangles similar 
to PN ; the area of each of these rectangles 
divided by 47 will represent the increase of 
energy per cubic centimeter due to a small 
increase of B, and consequently, if we start 
with the iron in an unmagnetised condition, 
and increase B from zero to OR, the energy 
stored per cubic centimeter of the iron will 
be equal to the area ONERO divided by 47. 

If we now gradually diminish H to zero, B 
will follow the curve EF, and the energy 
given up by the iron will be equal to the area 
REFR divided by 47. Consequently, in 
increasing В from zero to OR, the work 
done by the electric current is equal to the 
area ONERO divided by 47, and while B 
diminishes from OR to OF, due to the 
magnetising current falling to zero value, an 
amount of energy equal to the area REFR 15 
returned to the electric circuit, with the result 
that an amount of energy equal to the shaded 
area ONEFO divided by 47 is lost to the 
electric circuit. 

An extension of this reasoning shows that 
in performing the complete cycle EFGKLE 
(Fig. 3), the energy lost to the clectric circuit 
is equal to the shaded area divided by 47. 
If Band H are plotted on the scale of 1 c.g.s. 
line of force to a centimeter, the area of the 
cycle in square centimeters, divided by дт, 
gives the energy, in ergs, lost to the electric 
circuit during a complete cycle. 

On comparing the energy losses in 
different cycles, Mr. Charles Proteus Stein- 
metz has found that the energy lost per cycle 
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is equal to 7B'*, where B represents the 
maximum magnetic induction (OR, Fig. 2), 
and э is a coefficient which depends on the 
nature of the iron ; thus for soft iron wire 
= 0'002; for thin sheet-iron, у = 0'003; 
for thick sheet-iron, 7 varies from 0°0033 to 
to o'0045; while for cast steel, у = o'o08. 
This result is of the greatest importance, as 
giving us a means of estimating the loss of 
energy due to hysteresis in the armature core 
of a dynamo, or the iron of a transformer. 
We are indebted to Professor Ewing, not 
only for a very full investigation of the 
magnetic properties of iron and other mag- 
netic substances, but also for a theory which 
explains the main characteristics of magnetisa- 
tion. According to this theory, each molecule 
of a magnetisable substance is itself a magnet. 
А model of the molecular arrangement of such 
a substance can be made by supporting a large 
number of small magnets on needle points at 
equaldistances from each other(Fig. 7). When 
these magnets are acted upon merely by their 
mutual attractions (2.е., when no independent 
magnetic field acts upon them), they arrange 
themselves in groups such as are represented 
in Fig. 5. In this case the lines of force 
due to the magnets comprised in a group are 
almost solely confined to the space in the 
immediate neighbourhood of the group, and 
therefore, the whole combination of magnets 
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Fic. $.— To EXPLAIN MOLECULAR GROUPINGS IN 
UNMAGNETISED IRON. 


produces no external field. This corresponds 
to iron, steel, nickel or cobalt in an unmag- 
netised ‘condition. 

If we now subject ilie combination. of 
magnets to a gradually increasing. magnetic 
field, the N pole of each magnet tends to 
follow the direction of the lines of force of 
this field, while each S pole tends to move in 
an opposite direction. Their original arrange- 
ment, however, was one of stable equilibrium; 
that is, a small displacement of any magnet 
called into play forces tending to bring the 
magnet back to its original position. Asa 
consequence, when the independent magnetis- 
ing field is small the magnets only turn 
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through small angles; and if the field is 
removed, the magnets return to their original 
configuration. This corresponds to the initial 
part OC (Fig. 2) of the magnetisation curve ; 
Lord Rayleigh has found that if unmagnetised 
iron is acted upon by a field less than 0'04 
c.g.s. units, the magnetisation produced dis- 


Fic. 6.—To EXPLAIN THE MOLECULAR ARRANGE- 
MENT OF MAGNETISED IRON. 


appears at once on the magnetising force 
being removed. 

Although the configuration of the magnets 
is stable with regard to small displacements, 
nstability sets in when the displacements 
become large, and the magnets suddenly 
swing round so that their N poles all point in 
the direction of the magnetising field. This 
kind of limited stability is very common; it 
is exhibited, for example, by an ordinary 
chair which, on being tilted through a small 
angle, falls back to its original position when 
free to do so; if tilted through more than a 
certain angle, it suddenly falls over on its 
side. Hence, when the magnetising force 
acting on the molecules of soft iron exceeds 
0°04 C.g.s. units, the molecules commence to 
turn in groups, with the result that the value 
of B increases much more rapidly than H. 
This condition corresponds to the part CD of 
the magnetisation curve; at D all the mole- 
cules have swung round so that their N poles 
point in the direction of H, and a further 
increase in H can cause them to turn no 
farther. 

When the magnetising force H is diminished 
to zero, the molecular magnets do not swing 
back to their original positions. ‘They only 
turn through small angles and acquire a new 
state of equilibrium, which is not, however, so 
stable as the state in which they were originally 
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arranged. Consequently B has a fairly large 
value when H is diminished to zero (Figs. 2 
and 3), and a reverse magnetising force is 
necessary to reduce the magnets to the 
positions indicated in Fig. 5. In the case of 
soft iron, mechanical vibration is generally 
sufficient to cause the molecules to swing 
round to their neutral position. 

We can now understand the physical 
foundation for the principles previously de- 
duced. Оп referring to Fig. 6, it will be 
noticed that five lines of force pass directly 
from the N pole of an elementary magnet to 
the S pole of the magnet in front of it; if we 
confine our attention to the layer of magnetic 
molecules lying side by side in one square 
centimeter cross-sectional area, then the lines 
of force proceeding directly from the N poles 
of these to the S poles of the molecules 
lying in front of them will constitute the part 
of B due to the magnetised iron; z.e., these 


Arrangement of magnets-1n absence of 
magnetising field. 
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Arrangement of magnets under influence 
of magnetising field. 
Fic. 7. 
APPARATUS TO EXPLAIN THE MAGNETISATION 
OF IRON ACCORDING TO EWING’S THEORY. 


(This model is made by the West London Scientific 
Apparatus Co., Deodar Road, Putney.) 
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lines of force are equal in number to 471. 
Let us call these the Zire lines due to the 
molecules. At the end of the magnet (say 
the top of Fig. 5) lines of force will proceed 
from each N pole at the bounding surface, 
and proceed through the air. 

If a unit N pole is carried one centimeter 
through the magnetised substance їп the 
direction of magnetisation, then the work 
done is, by definition, equal to Н X 1, and 
therefore H denotes the average force acting 
on a unit N pole while it is carried through a 
centimeter distance in the direction of mag- 
netisation. On referring to Fig. 5, it will be 
seen that some lines of force proceed from 
the N to the S pole of the same magnet, and 
these, which we may call the reverse lines, 
run in a direction opposite to the direct lines 
defined above. [п carrying a unit N pole 
through one centimeter in the direction of 
magnetisation, it will in parts of its path be 
acted upon by the direct lines, and in other 
parts by the reverse lines. We have already 
found that, in the interior of a very long and 
narrow iron rod placed within a magnetising 
solenoid, the force per unit pole is the same 
as if the iron were absent. "This means that, 
so far as concerns the lines of force due to 
the magnetic molecules, no work is done in 
carrying a unit N pole through a distance of 
one centimeter in the direction of magnetisa- 
tion, the action of the direct lines in some 
parts of the path being just neutralised by 
that of the reverse lines in other parts of the 
path ; thus the only work done is that due to 
the magnetising field produced by the current 
in the solenoid windings. 

In the case of a short permanent magnet 
acted upon by no independent field, no re- 
sultant work is done in carrying a unit pole 
from the S to the N pole through the interior 
of the magnet and then back again to the 5 
pole along any path outside the magnet. 
This follows as a consequence of the fact 
that the path chosen does not embrace any 
current, and the work done in carrying a unit 
pole round a closed path is equal to 47 times 
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the current embraced. Now we know that in 
proceeding from the N to the S pole outside 
the magnet we are following the course of 
the lines of force in air; and since the 
magnet is supposed to be short, there will be 
an appreciable field at each point of the path 
chosen, so that on the whole the unit N pole 
gains energy in this part of its path. Hence 
it follows that in the part of the path within 
the interior of the magnet, from the S to the 
N pole of the latter, the unit N pole must 
lose energy, or its motion must, on an average, 
be opposed ; this is due to the fact that the 
N pole of the magnet sends some lines of 
force back ¢hrough the magnet to the S pole, 
thus increasing the number of the reverse 
lines, and diminishing the number of the 
direct lines. This tends to render the mag- 
netisation of the magnet somewhat unstable ; 
it is well known that a short magnet tends to 
demagnetise itself, and therefore where an 
electro-magnet is required to lose its magnet- 
ism as quickly as possible after the cessation 
of the magnetising current, a short, thick 
cylinder of soft iron is used as the core of the 
magnet. On the other hand, the poles of a 
long, thin magnet produce little reversing 
effect, since they are, on an average, at a, 
considerable distance from points within the 
magnet ; this is one of the reasons for using 
a long rod in determining the permeability of 
iron. When iron is formed into a closed 
ring there are no poles, and therefore there is 
no reversing action. 


ERRATA. 

(Tecunics, No. 13, Vol. IL, January, 
1904.) In Part IV. of “ The Electro- 
Magnetic Theory” on page 42, first column, 
oth line from bottom, for * the practical unit 
of power" read “the practical unit of 
potential difference." 


Page 45, first column, 13th line from top, 
r *(BcosZC)z" read “ (В cos б. /C)v." 


Page 45, second column, for “27 К” read 
« » 
2пғ Е. 


(Го be continued.) 
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Part V.—WaRP PIRN WINDING MACHINE, 


[All Rights Reserved.] 


By HARRY NISBET, Head of the Weaving and Designing Department, Municipal 
Technical School, Bolton. 


N a former article it was ob- 
served that weft yarn 1s some- 
times dyed апа bleached 
when in the form of mule 
cops, but more frequently in 
the form of hanks which are 
subsequently re-wound on to 

pirn bobbins or paper tubes by one of the 
numerous systems of pirn winding, several of 
which have been previously described in this 
series of articles. Cop-dyed yarn, however, 
is not generally so evenly dyed as hank-dyed 
yarn, in consequence of the compactness of 
yarn preventing the free access of dye to the 
innermost and, therefore, obscured part of a 
cop, whether the process of dyeing is con- 
ducted on the vacuum or on the pressure 
principle: hence cop-dyeing sometimes pro- 
duces what is termed “shaded” yarn—i.e., 
yarn of an irregular colour value. 

Yarn is in the best possible condition for 
dyeing or bleaching when in a perfectly open 
and free state, as hanks or warp-chains. In 
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Fic. 26.— WARP PIRNING MACHINE, [Ü ol 


either of these forms every portion of yarn is 
more completely and equally exposed to the 
dye liquor than when in a compact state, as 
in cops, on spools, or warp-beams. It is also 
generally admitted that warp- or chain-dyeing 
yields a more uniform tone of colour than 15 
obtained by hank-dyeing. ‘This belief has 
induced some manufacturers to adopt the 
novel expedient of preparing weft yarn as a 
ball or chain warp, to be dyed (and sized if 
required), after which the respective threads 
are simultaneously delivered to, and wound 
at a uniform velocity upon, a corresponding 
number of pirn bobbins or paper tubes, by 
means of what is known as a “ Warp Pirning " 
machine, illustrated in Fig. 26.* The essential 
parts of this machine are represented in detail 
in Figs. 27, 28, and 29, which show a sec- 


* For permission to use this illustration the writer 
here expresses his obligation to Messrs. Thomas Holt, 
Ltd., Rochdale, who make the machine, and who 
introduced it into England, from America, in the 


year 1896. 
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F1G. 27.—SECTIONAL ELEVATION OF WARP PIRNING MACHINE. 


tional elevation, a part front elevation, and a 
part plan of the machine respectively. 

The machine contains 378 spindles, ar- 
ranged vertically in nine horizontal rows, with 
42 spindles in each row, and supported by 
nine cross rails E, fixed in different planes both 
vertically and horizontally. Each successive 
rail from the bottom one is placed 3} inches 
higher than its predecessor, and 24 inches 
to the rear of it when viewed from the front 
of the machine. ‘Thus, when viewed endwise, 
spindle rails are situated four inches apart, 
diagonally, so that the nine rows of spindles 
form a steep bank inclined at an angle of до 
degrees to a vertical plane. This arrange- 
ment of spindles not only economises floor- 
space, but it affords easier access to all the 
bobbins for the purpose of piecing broken 
threads, of removing full bobbins, and re- 
placing them with empty ones, than would 
be afforded by placing all spindles in the 
same horizontal plane. 


Spindles D (but not bobbins) are driven at 
a uniform velocity by means of cotton bands 
C, from five tin drums B, extending from 
end to end, and situated at the rear of the 
machine, with their axes placed eight inches 
apart in a diagonal plane that is parallel to 
the bank of spindles. The drum shaft, A, 
second from the bottom, carries a fast or 
driving pulley fixed at one end, and thus 
becomes the prime motor of the machine. 
Next to the fast pulley is a narrow slow- 
motion pulley to operate slow-motion gearing, 
and this is followed by a loose pulley on the 
inside. The remaining four tin drums are 
driven positively, by means of toothed wheel 
gearing, as shown; and each drum, excepting 
the top one, drives two rows of spindles. 
The slow-motion gearing is identical in prin- 
ciple with that of most modern slasher sizing 
machines, and is applied with the same ob- 
ject, namely, of starting a machine at a slow 
speed, to be followed by the full speed, thereby 
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Fic. 28.—PaART FRONT ELEVATION OF WARP PiRNING MACHINE. 


preventing a sudden strain upon yarn such 
as would occur if a machine were started at 
full speed. By depressing a treadle, which 
extends right across in front of the machine 
about ten inches above the floor, a strap-fork 
passes the driving strap from the loose pulley, 
first on to the intermediate narrow pulley 
(which sets the slow-motion gearing in opera- 
tion), and then on to the fast or full-speed 
driving pulley. When the driving shaft at- 
tains a velocity in excess of that developed 
by the slow-motion gearing, the latter auto- 
matically becomes inoperative. 

In its passage from a ball-warp to the pirn 
bobbins, yarn is subjected to the requisite 
degree of tension by passing several times 
around two tension drums, to facilitate the 
separation of threads only between them and 
the drawing and delivery rollers S, T and U. 
On leaving the tension drums the threads 
diverge from their condensed or sliver form, 
and expand into a broad sheet as wide as a 
long row of spindles. Their separation is 
assisted by means of a reed, situated imme- 
diately behind the drawing and delivery 
rollers, between which they pass. The upper 
roller S. which is of great weight, and covered 
with rubber to better grip yarn and prevent 
injury to it, rests freely upon and between the 
two lower rollers T and U, which are driven 


positively in the same direction, by means of 
a linked chain and toothed wheels. Thus, 
by revolving against both rollers T and U, 
roller S serves to withdraw, yarn from its 
source, and deliver it to the pirn bobbins or 
paper tubes at a uniform velocity. 

From the delivery rollers threads pass 
through guide-wires on to their respective 
bobbins placed head downward upon spindles ; 
on these bobbins the threads are built up 
in a succession of ascending conical layers 
until they are filled. Guide-wires are carried 
by nine guide-rails F, situated one imme- 
diately behind each row of spindles, and sup- 
ported by means of vertical poker rods G, 
to which is imparted a reciprocal vertical 
motion, so as to guide threads between the 
bases and apexes of bobbins. Guide-rails 
are actuated by means of a building motion 
controlled by a cam L, in such a manner that 
they ascend quickly and descend slowly, 
thereby causing threads to be placed in al- 
ternate layers of coarsely - pitched and 
finely-pitched coils respectively, on the same 
principle as that on which mule cops are 
built up, although these are formed with a 
quick downward and slow upward traverse. 
This principle of winding causes a thread to 
frequently cross and re-cross upon itself, and 
thereby bind itself together with greater firm- 
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ness and compactness than is possible with 
a slow uniform traverse in both directions. 
As cam L revolves it acts upon a bowl or 
runner, carried by a treadle lever H, ful- 
crumed at I, which also carries a chain 
pulley J, to which one end of a chain K is 
fastened. ‘Thus, as the treadle lever is de- 
pressed, the chain pulley (which i is prevented 
from revolving) descends with its chain, and 
by a suitable combination of chains, chain 
pulleys, connecting rods, and levers, the 
pokers supporting guide-rails are raised posi- 
tively ; but their descent is accomplished by 
gravitation, or negatively. 

In addition to their reciprocal vertical 
movement to guide yarn between the bases 
and apexes of bobbin cones, the building 
motion also gradually and intermittently 
raises guide-rails bodily, on the completion 
of each upward movement by them, thereby 
causing yarn to be placed in successive ascend- 
ing layers along a bobbin or paper tube until 
it is completed. This is effected by causing 
the teeth of a ratchet wheel N, carried on the 
forward end of a shaft attached to treadle 
lever H, to become engaged with a pawl or 
catch O, which imparts a slight turning move- 
ment to the shaft on the completion of each 
downward stroke of the treadle lever. Оп 
the ratchet wheel shaft is а worm M, whose 
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thread engages with a worm wheel that is 
compounded with the chain pulley J. Thus, 
as the ratchet wheel turns, it causes a short 
length of chain to be wound on to the chain 
pulley, thereby raising the guide-rails as 
described. 

With such a building motion it will be 
evident that all bobbins in the machine must 
build up from their initial to their final stage 
simultaneously, and not independently, as in 
other pirn-winding machines. This circum- 
stance necessitates the removal or “ doffing ” 
of all bobbins at the same time. Previous to 
doffing, however, guide-rails are lowered so 
as to convey all threads below their respec- 
tive bobbins, for the purpose of winding a 
little yarn on to the friction collars on the 
spindles, and thereby save the time and 
trouble of re-attaching threads separately to 
a new set of bobbins. Also, in order to start 
up a new warp in the machine, its threads 
are separately twisted to those forming the 
remnant of the finished warp, in a manner 
similar to that by which a new warp 15 
twisted to an exhausted one in a loom. 

The particular form of winding spindles 
employed in this machine constitutes one of 
the most important features worthy of special 
attention, as upon these its efficiency largely 
depends. 'Гһеу аге a modification of the 
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well-known Rabbeth or self-contained type 
of spindle, constructed on what is variously 
termed the “top,” “elastic,” *self-balancing," 
"flexible," and “gravity” principle (which 
terms will be presently explained), and are 
expressly designed to meet the special re- 
quirements of this machine. ‘Thus, although 
spindles revolve with a uniform velocity, 
bobbins or tubes are so mounted upon them 
that the bobbins are driven frictionally, so 
that they may slip upon their spindles, and 
thereby automatically retard or accelerate 
their velocity as yarn 15 guided towards the 
bases or apexes of bobbin cones respectively, 
thereby ensuring a uniform rate of winding 
that always coincides with the rate of de- 


livery. Such provision, as stated on a previous . 


Occasion, is necessary in any machine in 
which a number of threads are simultaneously 
and continuously delivered from a common 
source (as a ball-warp), and not from inde- 
pendent sources (as cops, bobbins, and hanks), 
to be wound on to separate bobbins, tubes, 
or spindles. In the former case the rate of 
supply of yarn determines the rate of winding ; 
but in the latter case the conditions are re- 
versed, and the rate of winding determines 
the rate of supply. For example, if threads 
were delivered from a ball-warp, to be wound 
upon pirn bobbins revolving with a uniform 
velocity, it would be necessary to deliver yarn 
at a variable velocity, to counterbalance the 
varying diameter of the bobbin cones. 

The construction of a winding spindle is 
illustrated in part section іп Fig. зо. А 
spindle shank A 15 furnished with a tightly- 
fitting wharve B, fixed about 23 inches from 
the spindle foot. The upper portion of a 
spindle shank is furnished with a heavy flanged 
collar or friction disc C, surmounted and 
gripped by a barrel or balloon spring D, on 
which a bobbin or paper tube is fixed head 
downward, and firmly gripped internally by 
the spring. The friction disc, spring, and 
bobbin are all free upon the spindle, and 
supported by the wharve, which is separated 
from the collar flange by a flannel washer, to 
reduce frictional resistance between them. 
This constitutes the frictional driving prin- 
ciple of the spindle, which enables the friction 
disc and its bobbin to slip on the spindle, 
and thereby automatically regulate its velocity 
as required by the varying diameter of a 
bobbin cone, and also to neutralise any 
irregularity of tension of its particular thread. 
Thus, the velocity of a bobbin will gradually 
diminish as its thread is guided towards the 
base, and gradually increase as the thread 
approaches the apex of its cone. ‘The lower 
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FIG. 30.—PART 
SECTION OF A 
WARP PIRNING 
SPINDLE. 
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portion of a spindle shank revolves in a long 
sleeve bearing or cup E, retained within a 
hollow bolster F, which supports the entire 
spindle and enables it to be securely fixed, 
with only one setting, in a spindle rail : hence 
the self-contained principle. For the purpose 
of fixing a spindle to a rail, the bolster is 
formed with a large flange G near the top, 
whilst its body is partially threaded and 
furnished with a nut H. "The bolster also 
provides an oil chamber, to contain a supply 
of oil for the self-lubrication of a spindle. 
This is effected by drilling several small holes 
in the spindle bearing E, and connecting 
them by a narrow groove or channel formed 
down one side, to permit of oil rising to the 
spindle. ‘lhe sleeve E is formed with a rim 
at the top, which rests upon the ridge of the 
bolster. ‘The rim is formed with two pro- 
jecting pieces that fit into small grooves at 
opposite sides of the bolster ridge, to prevent 
the footstep revolving with the spindle. A 
flexible hook I, loosely attached to the bolster 
flange by means of a small screw, is held by 
a spiral spring over the friction disc C, to 
prevent accidental withdrawal of the latter 
on removing a bobbin from a spindle. 

The elastic or self-balancing principle is 
obtained by slightly tapering the outer sur- 
face of the spindle bearing E, in both an 
upward and a downward direction, with 
three-quarters of an inch nearer the top left 
parallel. ‘The object of this is to provide a 
bearing that will permit of a limited amount 
of flexibility of movement by a spindle. Such 
provision enables a rapidly revolving spindle, 
that is not in perfect balance, to automatically 
change the position of its normal axis until it 
discovers its true axis of gravity, when it will 
become perfectly balanced or counterpoised, 
and will continue to revolve with perfect 
steadiness around that centre of gravity. 

A warp-pirning machine constitutes a 
distinct type unlike any previous winding 
machine ; and whatever may be its true com- 
mercial value as an integral part of a whole 
system, it is one which, as an abstract unit, 
possesses many excellent features. As there 
is an entire absence of frictional contact and 
compression of yarn against any surface 
during winding, two of the worst evils usually 
associated with ordinary pirn winding (/.е., 
flattened and glazed or burnished yarn) are 
avoided, and yarn retains its strength, round- 
ness, and normal tone of colour. Also, the 
building up of yarn upon a bobbin or paper 
tube, with a slow downward and quick up- 
ward traverse, produces a firm and compact 
bobbin containing a greater length of yarn, 
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FIG. 31.—BLock PLAN, SHOWING HOW A WARP 

PIRNING MACHINE MAY BE EMPLOYED TO WIND 

YARN EITHER FROM A BALL-WARP, OR FROM 
SPOOLS CONTAINED IN A V-CREFL. 


and one that is free from “lapped ends." 
This term describes an evil that sometimes 
exists in pim bobbins in which the portion 
of a thread that should form the outer layer 
cuts into previous layers of yarn, and becomes 
buried below the surface, thereby causing 
breakages of, weft during. weaving. Other 
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advantages claimed for this machine by the 
makers are summarised as follows, namely : 
That greater economy is effected, and a 
superior quality of yarn produced, by dyeing 
yarn when in the form of a condensed and 
continuous sliver, and afterwards re-winding 
it on to pirn bobbins, than would accrue by 
hank dyeing. A brighter and better quality 
of goods, because of the absence of “shaded” 
yarn. Greater freedom from knots in yarn, 
and less waste. An increased production per 
loom, resulting from the better quality of weft 
and absence of “lapped ends” on bobbins. 
The utilisation of soft, tender, insufficiently- 
sized, or otherwise imperfect yarn of warps, 
which may be transferred on to pirn bobbins 
and used as weft. And greater production 
of weft at less cost in wages, as the machine 
may be attended to by a young employé, 
who stands on a long form extending in front 
of the machine, and controls the driving strap 
by means of a treadle, which is carried by 
arms secured to shaft Q, and is just more 
than balanced by a balance weight R, carried 
by a lever, also fastened to shaft Q. The 
treadle is depressed by the feet of the opera- 
tive to set the machine in operation ; and, on 
releasing the treadle, the weight R falls by 
gravitation, thereby causing the driving strap 
to pass from the fast to the loose pulley, when 
the machine stops. ‘The machine may also be 
employed to wind yarn from warpers' spools, 
cheeses, or bobbins, held in a V-creel, as 
shown in the block plan, Fig. 31. The creel 
is specially constructed so that the two halves 
may be swivelled outward from the centre 
(as indicated by dotted lines), to give a clear 
passage for yarn when it is required to wind 
from ball-warps. 

As regards the claim that warp dyeing 
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THE commercial preparation of an alloy 
of calcium and aluminium has recently been 
accomplished by the firm of Poulenc Frères, 
of Paris. Моге recently Dr. Rathenau, of 
Berlin, has been able to prepare the pure 
metal in considerable quantities by the 
electrolysis of melted fluorspar. "The appli- 
cability of the metal to commercial uses has 
not yet been demonstrated, but it 1s suggested 
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yields superior results to hank dyeing, in 
respect of uniformity of tone of colour, a little 
reflection will show that, although that is true 
in respect of warps, it is not so true if warp- 
dyed yarn is used as weft, whereby those 
results become nullified, as will be seen pre- 
sently. This may, at first, appear paradoxical, 
until the two systems of dyeing are compared. 
In hank dyeing, hanks are immersed in the 
dye vats in batches: hence (unless a per- 
fectly soluble dye is used) the dye becomes 
weaker, by absorption, as each subsequent 
batch of hanks are dyed, thereby producing 
hanks of irregular colour value. · In warp- 
dyeing, however, the yarn passes through the 
dye as a continuous sliver ; and, although all 
the threads in the warp will be dyed alike, 
the colour-value will gradually become less 
as the dye is absorbed, so that the tone of 
colour will be darker at the initial than at 
the final extremity of the warp. Therefore, 
assuming each thread to be entirely contained 
on a pirn bobbin, and used as weft, the darker 
tone of weft from one bobbin will be juxta- 
posed with the lighter tone of weft from 
another bobbin, and thereby produce a 
shaded effect in cloth. 

The warp-pirning machine herein described 
formed the prototype of another machine 
made by the same makers, and patented by 
them in September, 1899, for the purpose of 
winding yarn from ball warps on to warpers' 
bobbins. ‘The modification chiefly consists 
of a different form of both winding spindle 
and traverse motion suited to warpers’ bob- 
bins, which latter are frictionally driven, 
whereby they may slip upon their spindles, 
and so automatically retard their velocity to 
compensate for their increasing diameter, and 
thereby maintain a uniform rate of winding. 
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that the aluminium calcium alloy might be 
used for eliminating the blow-holes of cast 
steel. ‘The gases contained in these hollows 
consist of carbon monoxide and air. It is 
suggested that whilst the aluminium reduces 
the monoxide the calcium would absorb 
both the oxygen and nitrogen, and that an 
aluminium-calcium steel would be entirely 
free from blow-holes. 


SOME DEFECTS FOUND IN TIMBER, AND 
THEIR CAUSES. 


Ву HAROLD BUSBRIDGE, A.R.C.Sc., A. R.I.B.A. 


HE defects which remain for 
consideration are those which 
are seldom or never found 
in growing trees, but which 
develop after felling. 

Without doubt the most 
common defect of this kind 
is the side-shake, also sometimes called wind- 
shake, weather-shake, or drying-shake. It 
consists of splits running from the circum- 
ference towards the centre of the log, and it 
may at once be distinguished from heart-shake 
and star-shake by the fact that the clefts are 
always widest at the circumference, diminish- 
ing in width towards the centre. Figs. r, 2, 
бапа ro of the article on “The Shrinkage 
of Timber,” published in No. 7 of TECHNICS, 
afford numerous examples of *'side-shake." 
It is generally caused by allowing timber to 
season in the log or in baulk, when the ex- 
terior dries more rapidly than the interior, and 
shrinks with the result that the wood “opens.” 
T' 2 same causes which operate in warping, 
as already described in the article referred to, 
also tend to produce side-shake, and the defect 
is aggravated when drying is hastened by 
exposure to sun or wind. 


Most timbers decay more or less rapidly | 


when exposed even to a dry atmosphere, but 
the process is immensely hastened when the 
timber remains in a damp condition, or when 
the air is beavily charged with moisture. The 
process, in most woods, is then more rapid 
than when kept completely immersed, owing 
to the oxidation of the wood substance which 
takes place. Decay is probably also ac- 
celerated by the destructive action of 
microbes. 

It is well known that unseasoned timber 
decays far more rapidly than that which has 
been properly seasoned. This is partly ac- 
counted for by the fact that unseasoned timber 
contains a great deal of liquid sap which, 
under favourable conditions, is very liable to 
ferment, and thus decay is set up in the wood 
substance. In properly seasoned timber the 
liquid has been either washed out by a stream 
of water, or has been evaporated to dryness 
in the pores of the wood, so that fermenta- 
tion cannot begin in the latter case until a 
sufficient amount of water has been re- 
absorbed. When decay has once begun, it 


rapidly develops and spreads, until the whole 
piece has been destroyed. Fig. т represents 
pieces of willow in various stages of decay. 
These specimens were all cut from different 
parts of the same log, which had been lying 
neglected in a damp place. ‘The first brown 


Fic. r. —'*FoxiNESS" IN TIMBER: WILLOW (Salix). 


The samples from left to right represent : (1) sound 
wood ; (2) incipient “fexiness? ; (3) advanced 
“foxiness” ; (4) complete decay. 


or reddish streaks which appear in affected 
timber are known as “ foxiness,” and such 
timber is said to be *foxey." The wood 
has lost a great deal of its strength and works 
“dead” and short under the tool. When 
decay has proceeded further, the discolora- 
tion is often more marked, and the wood 
becomes quite soft and brittle. 

The last stage of decay is reached when the 
timber has lost a great deal of its substance, 
and what remains is little better than a mass of 
soft pulp. It has little or no coherence, and 
is quite useless, even for firewood. 

The majority of timbers decay most rapidly 
when they are exposed alternately to wet and 
dry conditions ; as, for example, fence posts 
just above the point where thev enter the 
ground. The chemical or bacterial destruc- 
tion is often hastened and assisted by the 
attacks of various kinds of fungi and by 
insects. Fig. 2 shows а piece of fir timber 
partially destroyed in this manner, and from 
the fact that this kind of decay generally 
sets in only where there is an excess of 
moisture, it is termed, by practical men, 
* wet rot." 
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і 
ET NO E Mm ode 
Fic. 2.—DECAYED Ех TIMBER. 

Decay due to contact with damp earth and lime mortar. 


* Dry rot” is so called because it is often 
seen under apparently dry conditions, although 
investigation has proved that a small amount 
of moisture is always necessary before wood 
can be attacked by it. It is really a disease 
to which soft woods are especially liable, 
caused by a species of fungus technically 
known as Merulius lacrymans. 

The spores of this plant are quite micro- 
scopic, so as to be easily blown about by the 
wind, and there is no doubt that they adhere 
to the sides of rough timber, to workmen's 
clothes and tools, and even to the coats of 
animals, In this way they are carried in alt 
directions, and perfectly sound timber is 
always liable to their attacks, provided only 
that conditions are favourable to their germi- 
nation and growth. The conditions necessary 
to the life of this parasitic fungus appear to 
be: (т) The presence of an alkali, such as 
ammonia ; (2) a warm, stagnant atmosphere ; 
(3) a certain amount of moisture, as, for in- 
stance, in a damp atmosphere. It follows that, 
wherever the conditions are favourable, any 
spores which may have already attached them- 
selves to timber will germinate, and cause an 
outbreak of “dry rot.” The spores germinate 
on the surface of damp timber, sending their 
germinal filaments into the tracheides, boring 
through the cell walls, and extending rapidly 
in all directions. The fungus mycelium, as 
it gains in strength by feeding upon the wood 
substance, completely destroys the timber. 

Timber, when badly attacked by “dry 
rot,” contracts excessively in all directions, 
and transverse cracks appear, like those seen 
in charred wood (see Fig. 3). Very often 
the outer surfaces of boards become convex, 
and when touched they yield to pressure, 
being so weak as to be easily broken by the 
fingers. Тһе wood turns brown, loses much 
of its weight, and all its strength. 

Dry rot often breaks out in ill-ventilated 
ground floors of houses, and in wood fixed 
against damp walls. When removed, the 
inner surfaces of the boards are found to be 


- Fir TIMBER DESTROYED BY Юкү ROT 
FuNGus (MJerulius lacrymans). 


Fic. 3. 


covered, as in Fig. 4, with a mat-like growth 
of mycelium, having a silky lustre, and in 
colour varying from greyish-white to rich 
orange yellow, being sometimes even of a 
violet hue. 

In places the vegetable growth thickens out 
into a flat cake-like mass, upon which tear- 
like drops of water may be seen ; from this the 
fungus takes its name—Merulius lacrymans. 
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FiG. 4.—Fir TIMBER DESTROYED BY 
Dry Кот FuNGvs. 
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Fig. 3 shows the appearance of wood 
which has been destroyed by this fungus, 
after the mycelium has been removed. 

In order to prevent dry rot, the most 
reasonable method is to avoid or prevent the 
conditions already referred to as necessary 
for the growth of the fungus. Thus, none 
but thoroughly dry timber should be em- 
ployed. Spaces under floors and behind 


Some Defects Found in Timber, and Their Causes 263 


woodwork should be thoroughly ventilated ; 
wood should never be placed in contact with 
damp brickwork or masonry, and ammoniacal 
fumes from decomposing animal matter 
should be carefully avoided. It should also 
be remembered that an outbreak can never 
occur without the previous presence of spores 
of the specific plant concerned. It is not so 
easy to check the ravages of “ dry rot" when 
once it has taken hold of a building. ‘The 
rootlets (ZypAae) and felt-like surface-growths 
spread with amazing rapidity, covering brick 
and stone work, and even earth, in their 
attempts to reach sound wood; besides, 
millions of spores are disseminated in 
all directions, and these germinate upon 
other timbers. The only safe course is to 
take out every particle of affected wood from 
the building, and to immediately burn it. 
Any remaining timber should be treated 
either with hot coal tar or oil of creosote, if 
out of sight; or with a solution of some 
other powerful antiseptic, such as corrosive 
sublimate, if exposed to view. It should, 
however, be remembered that these applica- 
tions destroy the fungus only where they 
come into contact with it, and that the 
centre of a beam treated with them may be 
full of living fungus, which, under favourable 
conditions, may spread to new wood. 

Other forms of fungus are known which 
attack timber, one of these being Pelyporus 
vaporarius, which attacks timber in a very 
similar manner to Merulius lacrymans ; 
its effects are manifested by the brown 
and red streaks somctimes seen in freshly 
sawn timber. In bad cases the wood even 
becomes rotten and powdery. The mycelium 
of this fungus is perfectly white, and not grey 
like that of merulius; and whereas the 
former is not uncommonly found in the 
forest, the latter is exclusively a domestic 
disease. 

Another disease of pine wood, due to 
the fungus Polyporus mollis, is also known, 
and its effects are similar to tbose last 
described. | 

When cut into planks or scantlings, timber 
is sometimes found to be mottled or spotted, 
instead of having the even colour indicative 
of sound wood. 

The spots are generally from 1 in. to r£ in. 
iu diameter, are of lighter colour than the 
surrounding wood, and wanting in lustre. 
At these points the wood is soft, deficient in 
strength, and is ultimately reduced to powder. 
Such timber is said to be *doaty." “ Doati- 
ness " is seen most frequently in beech, horn- 
beam, plane tree, pear tree, and apple ; and 
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BEECH (FAGUS SYLVATICA] 
SHOWING ‘DOATINESS & DRUXY KNOT. 


Fic. 5.— To ILLUSTRATE '*DoATINLSS" AND 
* Dnuxv KNoT.” 


timber affected with it is almost worthless. 
Fig. 5 shows a piece of doaty beech contain- 
ing a druxy knot. 

We now have to consider the ravages madc 
in timber by various insects. Fortunately, in 
England the damage from this source is not 
very extensive, although sometimes beech, 
oak, and other woods are found to be seri- 
ously * worm-eaten,” as in Fig. 6 The chicf 
offenders are the larve of various insects, 
which perforate the wood in all directions, their 
borings being commonly termed “ worm- 
holes.” Among the insects known to bore 
into wood are the larvae or maggots of the 
wood leopard (Zeuzera æsculi), saw-tly or 
giant wood wasp (Sirex gigas), steel-blue 
wood wasp (Sirex juvencus), goat moth 
(Cossus ligniperda), giant ichneumon (Urocerus 


gigas), and Dorcus paralclopipedus. 


" DESTRUCTION OF TIMBER 


" BY. WORMS 
BEECH (eus siv 


Fic. 6.—BEECH DESTROYED BY WORMS. 
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The wood wasps (Siricide) deposit their 
eggs during the summer in the bark of trees 
or in posts, by means of a pair of saw-like 
instruments attached to the abdomen of the 
female. The maggots which hatch from 
these eggs tunnel right into the wood, re- 
maining there during the winter. When the 
perfect insects are ready to emerge, they eat 
their way out of the tree, leaving behind 
them the holes visible in Fig. 7, which shows 
pieces of pine timber perforated by .Szrex 
juvencus. X. 

Fig. 8 shows a piece of ash perforated by 
larvae of Dorcus parallelopipedus. 

The Јагу of the goat moth burrow into the 
wood of various trees, such as apple and pear, 
and form large tunnels in the heartwood, 
where they feed for nearly three years, 
although sometimes they leave the trees for 
a time. When mature, they turn to large 
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FiG. 7.—PINE TIMBER PERFORATED BY 
Sirex juvencus. 


brown pupæ near the entrance to their 
borings. Their ravages cause the tree to 
decay and become generally weakened, and 
thus easily blown down. Their presence can 
be detected by the exit holes, and by the 
diseased patches they form. 

The best way to destroy these larvæ is to 
place pieces of stick cyanide of potassium in 
the entrances of the tunnels, closing them 
up afterwards with clay. Cart grease and 
paraffin may be smeared over the trunks of 
the trees in June, to prevent egg-laying. 

The giant ichneumon has an ovipositor 
resemblinga gimlet, which it uses to bore 
holes in living timber for the purpose of 


‘depositing eggs. When hatched, the young 


grubs immediately begin to gnaw their way 
through the wood, boring it in every direction, 
and making burrows of considerable size. 
The wood preferred is generally fir and pine, 


which is sometimes completely riddled by 
them. 

In tropical countries great havoc is often 
wrought by white ants (Termites), which 
always live in vast colonies. They are 
miners, and under no conditions do they 
permit any sign of their ravages to appear 
upon the surface. ‘Their mouths are fur- 
nished with jaws which move transversely, 
and nothing, unless cased in metal, can resist 
their attacks. They have been known to 
destroy the whole woodwork of a house in a 
single season. 

Always working in darkness, they will often 
eat through the floor and remove the whole 
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Fic. 8.—AsH TIMBER PEPFORATED BY LARV/E 
OF Dorcus parallelopipedus. 


interior of table and chair legs, leaving a 
shell no thicker than paper. 

The first intimation of the damage done 15 
when the article crumbles to dust on a 
weight being placed upon it; a staircase has 
been known to fall to pieces as soon as a foot 
was placed thereon. 

Fig. 9 represents a piece of wood destroyed 
by white ants in eighteen months ; the damage 
represented in Fig. то was done in forty-eight 
hours only. 

According to Mr. Britton, the following 
Colonial woods are said to resist the attacks 
of white ants: America, butternut, pitch-pine 
(partially); Australia, jarrah, Huon pine; 
British Guiana, greenheart ; Ceylon, ebony, 
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Fic. 9.—PIECE ОЕ Woop 
FROM A HOUSE, SHOWING 


THE  RAVAGES WORKED 
BY WHITE ANTS DURING 
EIGHTEEN MONTHS. 


ironwood ; Jadia, 
cedar, sandal, 
teak; West Indies, 
bullet-wood, lig- 
num vitae, quassia- 
wood. In many 
of these cases, 
however,the wood 
is attacked as soon 
as its character- 
istic odour has 
passed off. 

One other pest 
may be alluded 
to, viz., the Zeredo 
navalis, ог 50- 
called  *ship- 
worm,’ although 
the latter term 1s 
a misnomer, since 
it really belongs 
to the order 
Mollusca. This 
creature is found 
in most seas, and 
works terrible 
havoc in piles, 
planks, and other 
woodwork im- 
mersed in: water 
on our :coasts. 
They occur in 
great numbers,and 


the creatures bore cylindrical holes—generally 


along the grain— 
these holes being 
either wholly or 


partially lined with 
calcareous substance. 

The teredo varies 
from a few inches to 
three feet long, ac- 
cording to its species: 


Fic. 11.—ENGLISH OAK, BORED bY TEREDO. 
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Fic. 10.—HARD WOOD PERFORATED BY WHITE 
ANTS DURING FORTY-EIGHT HOURS. 


its anterior end, which is enlarged, carries a 
pair of shells, or valves, shaped like augurs. 
[ts body is greyish white and its tail is forked, 
the head being rounded. It works round 
nails, knots, etc., and never enters a neigh- 
bouring burrow. The teredo avoids fresh 
water: it prefers clear salt water to that 
which is muddy. 

Fig. 11 represents a piece of English oak 
(end grain) bored by teredo. The specimen 
was formerly part of a pile in Great Yarmouth 
pier, АП kinds of timber are attacked, 

especially fir. 
5 The only efficient 
| protection from the 
teredo, which is ap- 
plicableon a commer- 
cial scale, is to have 
all timber intended 
for submarine work 
thoroughly creosoted. 


Figs. 7, 8, 9, 10 and 11 are from photographs taken in the Natural History Museum, 


South Kensington, by kind permisston of the authorities. 


The other tllustrations are 


from photographs prepared by Mr. Busbridge, and sold as lantern siides by 
Messrs. Newton and Со. 
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ELECTRICITY FROM TOWNS' 


REFUSE. 


By WALTER P. ADAMS, M.I.E.E., A.K.C. 


HE immense improvement 
which has taken place in the 
public health during the last 
two generations is not suf- 
ficiently realised by the many 
residents in our towns and 
suburbs, who reap the ad- 

vantage of the labours of sanitary reformers 
and medical men of the last century. From a 
study of the death-rate alone most interesting 
[roofs are obtained of the advantage of 
cleanly living and surroundings. Two typical 
illustrations will suffice. | 

During the twenty-five years of office ot 
the late Medical Officer of Health (the 
writers father) in the London suburb of 
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«— Normal Annual Death Rate —» 
I7 per 1000 


One cause which has improved the public 
health is undoubtedly the systematic removal 
of household refuse and garbage. 

The most usual method of disposing of 
this refuse, until recent years, was to tip it 
on to waste ground near the town —even to this 
day this barbarous method is in vogue in many 
places — and to send large masses in barges 
out to sea. Attempts are made, here and 
there, to turn its manuring qualities to account 
by spreading it on agricultural land, and, 
occasionally, its heat value is partially used 
in brick fields for burning the clay ; but 
all these methods are open to objection, 
and only one really satisfactory way of 
effectually disposing of towns’ waste ex- 
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FIG. 1. —DIAGRAM SHOWING VARIATION IN THE DEATH RATE FOR ACCRINGTON, FROM 1879 TO 1903. 


Barnes, the death-rate declined from seven- 
teen to eleven per thousand, and now rarely 
exceeds twelve. 

The graphic illustration of the declining 
death-rate in Accrington (Fig. 1) hardly needs 
explanation ; and what is true of Barnes and 
Accrington is true of almost every large town 
and suburb in the kingdom. 

There is no need to look very deep for the 
cause of this improvement ; the main factors 
are efficient drainage and sewage disposal 
works, a regular and pure water supply, ex- 
pert supervision of the conditions of living, 
(especially among the poor), and the intelli- 
gent application of the general principles of 
sanitary science under the direction of local 
medical officers of health. 

A debt of gratitude, which is rarely acknow- 
ledged, is owing by the community at large 
to the noble army of medical officers of health, 
engineers, and town surveyors, by whom these 
improvements have been brought about. 


ists, namely, its cremation in furnaces or 
* destructors." 

This method is not only scientific, but the 
fuel value of the refuse in most localities .is 
so great that, if utilised for raising steam for 
pumping water and sewage, generating elec- 
tricity and driving machinery, the disposal of 
refuse in this manner becomes of commercial 
advantage to the public; and it is actually 
the case, in some favourable instances, that 
the fuel value exceeds the cost of destruc- 
tion, so that a destructor becomes a profit- 
earning device to ratepayers. 

The history of the development of the 
refuse destructor is most interesting. ‘The 
advantage of burning the refuse in closed 
furnaces was recognised as early as the middle 
of the nineteenth century ; but the first efforts 
to thus burn refuse were unsuccessful, and 
created a greater nuisance than the * green " 
refuse itself. 

It was little thought in those early days 
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FIG. 2.—RICHMOND *'* BEE-HIVE” DESTRUCTOR. 


that a self-supporting fire could be maintained 
with the refuse alone, and the “ Beehive” 15 
a type of several furnaces where it was at- 
tempted to assist the burning with a coal fire. 

In Fig. 2 it will be seen that beneath the 
grate, upon which the refuse was deposited, a 
second grate was provided for burning coal. 
The heat from this coal first stewed the refuse 
above, and afterwards burnt it. The process 
of stewing, however, gave rise to such foul 
vapours, that some furnaces erected in Rich- 
mond in 1884 had to be shut down shortly 
after completion ; besides the nuisance created, 
the cost of coal was considerable 

The first destructor in which a self-sup- 
porting fire was maintained with the refuse 
alone, was invented and made by Mr. Alfred 
Fryer in 1876, A section is shown in Fig. 3. 

The refuse was fed from the top on to an 
inclined hearth, called the * drying hearth," 
whence it was raked forward on to the furnace 
bars and burnt. The clinker was removed 
through doors in front of the furnace, and the 
hot furnace gases passed by side flues into 
the main flue below. The ash pit was open, 
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chimney. This furnace differs but little from 
several modern  destructors, except that 
only natural draft from the chimney was 
used. In all modern destructors forced draft 
into a closed ash pit is used in addition to 
the natural chimney draft. "This forced draft 
is produced, sometimes by steam jet blowers, 
and sometimes by fans driven either by steam 
engines or electric motors. 

The Fryer destructor described above has 
been modified in many details, but the general 
principles are the same in most modern 
destructors. The better-known types аге :— 
The Manlove Alliot, which is the Fryer with 
the addition of closed ash pit and forced draft. 
The Horsfall is not very different to the Man- 
love Alliot, except in some of the smaller 
details of construction. The “Stirling” and 
* Beaman and Deas” cells are also of similar 
type. The Meldrum “Simplex,” and the 
Heanan and Froude are substantially dif- 
ferent, and have the several cells opening 
from one to the other, so that the green gases 
from newly introduced refuse mix with tke 
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hotter gases from the cells where combustion The full development of the steam-raising 
is more complete. value of refuse has only received close at- 

I give illustrations (Figs. 4) of the Meldrum tention within the last five or six years or 
“Simplex,” as the departure from the Fryer so, and even yet substantial improvements 
type is fairly considerable. may be expected. ‘The first application of 

Although the furnace is practically con- ^ steam raised from refuse to towns’ purposes, 
tinuous, each section or cell is fed separately, on any extensive scale, was at Oldham, when, 
and each has its own closed ash pit and inde- by chance, the Municipal Electricity Works 
pendently controlled forced draft. and a Horsfall destructor were erected on the 


TABLE I. —WaATER EVAPORATED IN LONDON REFUSE DESTRUCTORS. 


· Pounds of Steam 


Date Destructor | Tons of Refuse Duration of Test Raised from 1 lb. of 
Name of Borough. Installed. Date of Test. | Burnt. in hours. Refuse шь and at 
212 


—_—-— —— ii dC Lu cta. $e ———————— Oe 


| 
Shoreditch . . | June, 1897 January, 1899 33°5 5 0°96 
Stepney. . .! July, 1900 Jan. 12th, 1904 158 24 | 1°2 
Fulham. . . Dec., 1900 Dec. 17th, 1901 83°9 16 1'3 
Hackney . . April, 1902 Dec. 4th, 1902 133' 75 I9 I'415 
Bermondsey . Jan., 1902 Jan. 13th, 1903 | 18'8 74 1'657 
Woolwich . . April, 1903 Mar. 29th, 1904 63°25 241 1'917 
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same plot of ground. A boiler was erected with the 
destructor to supply steam for the forced draft, and for 
working the town’s machinery. It was found, after a short 
time, that there was a considerable surplus available above 
that required for these purposes, and a steam main was 
carried into the adjoining electricity works. About this 
time it became increasingly obvious that the steam-raising 
power of refuse was much greater than had been anticipated, 
and, in 1898, the Combined Electricity and Destructor 
Works were erected at Shoreditch, with the definite purpose 
of using refuse-generated steam for producing electricity. 
Since then combined works have been erected at Stepney, 
Fulham, and Hackney, Bermondsey, and Woolwich, in the 
County of London, and some forty in the provinces. Be- 
sides supplying steam to electricity works, destructors in a 
number of towns are supplying steam for sewage and 
water pumping ; but it is only since their combination with 
electricity works that attempts have been made to utilise 
to the full the heat-value of the refuse. 

The principal improvements made recently are as 
follows :—(1) The provision of a combustion chamber im- 
mediately in front of the boiler where the gases from the 
different cells mix; this tends to render the temperature 
more uniform. (2) The blast for forced draft is now 
produced by electrically-driven fans, which are far more 
economical than steam jets or an auxiliary steam engine. 
It is also heated by being passed through a regenerator 
before it reaches the ash pit. This regenerator consists of 
a series of tubes placed in the flues behind the boilers, 
through which the cold air is drawn and raised to some 
300° Е. (3) Economisers are also placed in the flues for 
heating the boiler feed water. (4) The arrangements for 
charging the cells with new refuse, and also withdrawing 
the hot clinker from the furnaces, have been carefully 
modified to prevent the inrush of cold air to the flues 
during charging and clinkering. The joint result of these 
various improvements has been to increase substantially 
the quantity of steam raised per pound of refuse burnt. In 
the Shoreditch installation about o'9 pound of steam is 
obtained per pound of refuse burnt, and in Table I. (page 
268) the improvement will be readily observed. It is 
somewhat remarkable that їп every one of these destructors 

the previous record obtained has been surpassed. 

' [n different parts of the country the calorific value of 
the refuse varies considerably. In the neighbourhood of 
the coal fields it is generally richer in carbon than far 
away; and in some towns the quantity of trade refuse 
collected may be sufficient to affect either favourably or 
adversely the steam-raising value of the refuse. 

The calorific value varies between 1,000 and 4,500 B. 
Th. Units per pound of refuse, while coal contains some 
8,000 to 14,000 B. Th. Units per pound. Generally 
speaking, the incombustible matter in English refuse is 
from 25 to 35 per cent., while often as much as 35 per 
cent. of moisture 1s present. Under varying conditions 
it may be assumed that from one to three pounds of water 
may be evaporated per pound of refuse, and from six to 
ten pounds of water per pound of coal; the fuel-value of 
refuse may, therefore, be extremely well worth utilisation. 


TABLE II.— WATER EVAPORATED IN SOME PROVINCIAL REFUSE DESTRUCTORS. 


Short Test. 


In Practice. 
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I year 
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Period 
4 months 
473% hours 


Pounds of 
from І lb. of 
Refuse from 

and at 212°F. 


Steam Raised 


9,20 | 


Test in hours. 


Duration of 


209 
24°45 


Tons of 
Refuse Burnt. 
104 


I4th, 1903 


Date of Test. 
April 25th, 1901 


Date Destructor ` 
Installed 


Dec 


Name of Town. 


Darwen 
Partick . 


Burnley. 
Nelson . 


210 


In Table II. are given some steam-raising 
results on test, and over prolonged periods in 
some provincial towns. 

The most interesting application of refuse- 
raised steam 1s, undoubtedly, in producing elec- 
tricity. It has been well called a * Romance 
of Modern Engineering," and it seems little 
short of marvellous that waste material—all 
that is vile and noisome—should produce the 
most wonderful of Nature's forces that man- 
kind has ever discovered and applied—a 
force that enters into almost every department 
of life and activity at the present day. 

The quantity of electricity which сап be 
generated from a given quantity of refuse 
depends—first, upon the fuel-value of the 
refuse; second, upon the efficiency of the 
destructor and steam-raising plant; third, 
upon the economical nature of the elec- 
tricity generating plant; and last, upon the 
management of the works. І have dealt 
with the two first, and will now consider 
the third. 

A modern steam dynamo of moderate size 
(say from тоо to 300 kilowatts capacity) will 
require from 25 to 35 pounds of steam per 
kilowatt hour. In addition, steam has to 
be supplied to boiler feed pumps, con- 
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densing plant, and other auxiliary machi- 
nery ; and, in actual practice, the all- 
round water consumption, from year's end 
to years end, in an electricity works may 
vary from 3o to 7o pounds, depending 
upon the efficiency of the plant, and, as 
stated before, also largely upon the manage- 
ment of the station—in other words, upon 
the “ethciency” of the engineer in charge 
and his staff. 

The systematic measurement of water 
consumed in an electricity works is, unfortu- 
nately, generally considered to be a matter of 
secondary importance, and it is not easy to 
obtain data on this head. I have, however, 
figures from some of the London stations 
which will serve as a guide. At the Stepney 
Electricity Works (apart from the destructor) 
it is about 45 pounds per Board of Trade 
Unit (kilowatt hour) generated; at Fulham, 
45 to бо; 4t Hackney, 27 to 35; this 
latter is discounted, to some extent, by the 
fact that the auxiliary machinery is electrically- 
driven, but allowing for this the average is, 
probably, about 35. "The Hackney plant is 
the most up-to-date, so we might take, as a 
good standard, 4o pounds of water per unit 
generated. 


TABLE III.. ELECTRICITY GENERATED FROM REFUSE, ON TEST. 


Town, Duration of Test. Time of Year. 
Stepney. . . | 24 hours January 
Fulham . 16 hours December 
Hackney I9 hours December 
Woolwich 24' 4 hours March 

6 hours November 


Gloucester . . | 


Units per Ton of 


Refuse Burnt in 


Units Generated. 


Tons. Refuse. 
158 6364 40°2 
84 5040 60 

13377 7396 55°3 

63°25 3012 57°2 

91 720 79'9 


Note.—In all of these tests, with the exception of Fulham, the plant was run ngn-condensing, 
and the water consumption was therefore high. 


TABLE IV.—ELECTRICITY GENERATED FROM REFUSE, IN PRACTICE. 


| 
Units per Ton of Pounds of Water 


, ; 'Tons of Refuse | Units Generated 
Town. Period. Year. | Burnt. Net. Refuse. dem. 
Stepney . I year 1903 | 43,326 1,386,210 32 72°5 
Fulham . I year 1902-3 30.577 $49,512 27°8 — 
Hackney I year 1902-3 39,253 1,436,560 37°5 30 
Bermondsey , I year 1902-3 ' 13,8506 430,157 29:8 50 
Nelson I year 1902-3 | 6,658 260,000 40 105 
Partick I year 1902-3 13, 500 395,562 29:6 95 


(Zo be continued.) 


EXPANSION CURVES. 


By G. C. TURNER, B.Sc. 


LET it be required to determine the best values 
for the constants a, 4, л in the equations 


ycaoaqv6 a ocu oe cce А) 
х(у-а)"=ф © ж Wok igh (2) 
youatoiom . . . . . (3 


on the supposition that in each case we have 
a table of values of x and y, and have reason to 
suppose that the corresponding pairs of values 
are connected bv the corres ponding law. 

Since three constants have to be determined, 
it is clear that the ordinary straight line method 
Is not of itself sufficient. 

By plotting the values of x and y, and drawing 
a good curve to lie evenly amongst the points, 
we can easily find the constants from three 
properly chosen points. 

If the curve really has the given equation, 
which three points are chosen is immaterial, 
provided the measurements can be made with 
sufficient accuracy. 

(1) Choose three abscissa х, x,, x, in geo- 
metrical progression. 2, = 42,, 2, = ху, the 
number & being so chosen that most of the curve 
is utilised. 

Denoting by Yı, У, y, the corresponding 
ordinates, we have 

>» У = bx," (Rn — 1) 
= бх," (А" == 1) 


КУ жа = (72) = 4" 
љт У +, 


n= lo у») log & 
( Б у / k 


and я is determined. 
Now plot y and x", which will give (approxi- 
mately) a straight line if the law. assumed is 


- 
| 

D 
| 


true. For this straight line, а is the intercept 
on the axis of у, and å is the tangent of the 
angle of slope. 


(2) This equation is essentially the same as 
(1) It has an interesting application to the 
determination of the line of zero volume in the 
indicator diagram. 

We know that the connection between the 
vohime and pressure of the steam in the cylin- 
der is of the form 


pu" = 6, 


but the diagram does not give the line from 
which the volumes are to be measured. 

Draw any line Of (Fig. т) from which volumes 
may be measured, and suppose O'? thetrue zero 
volume line; then, referred to the axes О' and 
O'z, the equation to the expansion curve is 


pu" =b; 
and referred to Of and OV it is 
P(V — а)" = b, 
where a is the distance between Of and О‘. 
The last equation may be written in the form--- 
У=а+ $n, 


Choosing the Ø’s in geometrical progression, 
we have, as in case (1) 


— 1/и = log ( үү! ) ова 
2 


фейк ahs, 
A 2 
On plotting V, and 2*'/, а and 2" are de- 
termined as before. 
(3) The constants m the equation 
у=а+фа1о'* 


can be found by a similar contrivance, only now 
the abscisse are chosen in arithmetical pro- 
gression, so that 


хк х КЁ x,— х, + Ё. 


where 


Hence, 
УУ = (romte — тот) 


Js — yo = б(то”\® +0 = ІО"), 


Remembering that 10" (1+0 = Јо x 10%, 
we have 


Js= Ja ae BOF s dg 

Jay 10" 
UE A= : log Js — Ут 
Ja Iı 


The values of a and 6 аге now determined by 
plotting y and 10"* 


THE FIBROUS CONSTITUENTS OF PAPER. 


By CLAYTON BEADLE. 


T is important to ascertain 
exactly what effect is pro- 
duced on machine and 
hand-made papers in regard 
to their physical qualities bv 
the tub-sizing operations. 
For this purpose it is ex- 

pedient, not only to find the strength and 
stretch of the waterleaf, etc., but to ascertain 
the conditions under which this was manu- 
factured. With a view to throwing some 
light on this subject, in so far as hand- 
made papers are concerned, I was fortunate 
in enlisting the co-operation of one of the 
leading firms in this country, who carried 
out a series of trials at my suggestion. А 
number of sheets, which we shall call A, 
were made by the vatman: these received 
nominally only side shakes after they had 
been removed from the vat. А second 
batch of sheets, which we shall call B, 
received only backward and forward shakes, 
ic, |n the short directions of the sheet. 
These sheets were both tub-sized, but not 
under similar conditions ; consequently, B 
received a heavier sizing than A. We found 
on analysis that A contained 6:8 per cent. of 
gelatine, апа B, 8:3 per cent. of gelatine. 
The trials were undertaken in May of last 
year. The makers of the paper tested some 
of the sheets before forwarding the same to 
me. Their tests on the sheets after sizing 
indicate that the ratios of the breaking 
lengths in the two directions are 82 per cent. 
for A, and 72 per cent. for B. This is just 
what we should expect from the manner in 
which the two papers were made. ‘Thus the 
backward and forward shakes in B would 
tend to set the fibres in the same direction as 
that of the wave produced when the mould 
is taken out of the vat, whilst the side shakes 
with A would tend to set them at right 
angles to this direction. In other words, the 
condition under which B is made would tend 
to increase the stronger direction апа de- 
crease the weaker; and with B the tendency 
would be in the opposite direction, thus 
making the figure for A nearer to the тоо 
per cent. than that of B; but the difference 
between the two is not so great as one might 
expect. 

When I received the sheets I laid them by 
for about a month, and then submitted them 


to a very thorough series of tests. The 
strength and elongation were tested in the 
case of A and B, both waterleaf and sized, 
both by the “fan” and ordinary methods. 
The conclusions to be arrived at as the 
results of these tests are extremely interesting, 
and, I venture to think, might be made use 
of commercially. 

The “A” tests, for both sized and water- 
leaf, are shown in Fig. 1, the waterleaf by a 
thin line, the sized paper by a thick line. 
The bottom half of Fig. 1 gives the breaking 
strain at different angles, and the top half of 
the figure the percentage elongation at the 
same angles; the two sets of curves are 
shown together for comparison. 


PAPER A, TESTED BY FAN METHOD. 


Mean Strength. 
Waterleaf paper . 10°01 lbs. per inch width. 
Sized paper . 20°04 lbs. per inch width. 
Gain in strength due to the addition of 6:8 
per cent. gelatine = roo per cent. 
Elongation. 


Waterleaf . . 
Sized paper . 


4°77 per cent. 
5°84 per cent. 


The gain in elongation due to sizing is 
therefore 22 per cent. 

Comparing the two methods, 7.е., fan and 
the ordinary method, for testing strength :— 


Mean Strength of Sized Paper A. 


Ordinary method 20°39 lbs. per inch width. 
Fan method. . 20:04 lbs. per inch width. 


Mean Elongation, Waterleaf A. 


Ordinary method . 4°95 per cent. 
Fan method . 4°77 per cent. 


Mean Elongation, Sized Paper. 


Ordinary method 7'01 per cent. 
Fan method . 6°84 per cent. 


As regards the strength when pulled at 
different angles, on referring to Fig. 1 (thin 
line), it will be seen that this is almost 
constant in the waterleaf. This is what we 
might expect from the manner in which the 
paper was manipulated on the mould, but 
there are slight variations, and it will be 
noted that the ups and downs along the 
curves bear some resemblance to the ups 
and downs of the same paper after sizing 
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AT TIME OF FRACTURE 
(50 МИ. STRIPS 


PERCENTAGE ELONGATION 


BREAKING STRAIN IN LBS PER INCH WIDTH 


Fic. 1.—To SHOW THE STRENGTH AND ELONGATION OF HAND-MADE AND MACHINE-MADE 


PAPERS, TESTED AT DIFFERENT ANGLES. 


Hand-made shakes both ways. Half linen, half cotton. 25 Ibs. L.P., gelatine, 7°8 per cent. 
ee (Cream wove (linen) machine-made bank. 
Backward and forward shake waterleaf. Sized with 8'3 per cent. gelatine. 
Backward and forward shake waterleaf. Unsized. 


10 lbs. L.P., gelatine sized. 


—————-  Hand-made ''side to side shake” waterleaf. Sized with 6:8 per cent. gelatine. 
Hand-made **'side to side shake” waterleaf. Unsized. 


(thick line). This might be a mere co- 
incidence, but the same is shown in the case 
of paper B for waterleaf and sized (compare 
broken line with dot and dash line): in this 
latter case it is more marked. The natural 
inference from these results 1s that, although 
a hard made paper can under ordinary con- 
ditions be prepared in the waterleaf, of nearly 
uniform strengths at different angles, yet 
there are slight irregularities, showing a sort 
of latent disposition to irregularity in 
strength, which is subsequently very much 
enhanced by sizing; the extent of the sizing 
determines the amount of the irregularity. 
With regard to the elongation of the 
above-mentioned papers, shown on top half 
of Fig. 1, this remains fairly constant with 
waterleaf A, but after sizing the elongation 
becomes far greater in the weakest direction, 
and is only to a small extent increased in the 
Strongest direction. If we exclude the. de- 
termination made at angle 40, which may 
have been due to some irregularity in that 
particular sheet, the two curves show a 


certain amount of correspondence. But in 
the case of B the stretch in the state of 
waterleaf and sized papers shows no corre- 
spondence whatever. 

The paper with backward and forward 
shake does not show as much difference in 
strength at different angles as with ordinary 
hand-made paper in the waterleaf, but after 
sizing (8*3 per cent. gelatine) the wavy lines 
are much accentuated. One thing appears 
to be evident, namely, that it is impossible 
under ordinary conditions of working to 
overcome the effects of the wave made by 
lifting the mould out of the vat by any 
number of subsequent counteracting side 
shakes. ‘The percentage elongation at time 
of fracture with the A or side shake waterleaf 
remains almost constant at the different 
angles of pull, but after sizing the elongation 
is considerably increased at the low angle 
test. After the angle of 50? it remains fairly 
constant, but considerably above that of the 
waterleaf. 

The percentage elongation of the backward 

2 N 


24 


and forward shake waterleaf B is fairly 
constant at the different angles, although 
slightly greater at one near the sideway 
direction. After sizing the same paper 
shows greater variation, being greatest in 
the sideways direction. The study of these 
curves will enable general conclusions to be 
formed, although we must guard against 
those depending on slight variations, which, 
although true in individual cases, may not be 
so in general. The double line curves show 
the normal curve for best hand-made tub- 
sized paper as ordinarily made when tested 
for strength at different angles. It is worthy 
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of note that the maximum and minimum 
strengths are ro per cent. away from the two 
sides of the deckle edge, instead of exactly 
corresponding with them, as is generally 
supposed. For the purpose of comparison 
with the rest, the strength and elongation at 
different angles of a cream wove linen 
machine-made bank, ro lbs. large post, tub- 
sized, is given. ‘This shows that the elonga- 
tion diminishes and the strength increases as 
the pull approaches the machine direction, 
but that the elongation curve shows waviness, 
up and down, whereas the strength curve is 
fairly regular. 


(To be continued.) 


THE ELEMENTS OF CHEMICAL ENGINEERING. 


[A7 rights Neserved.] 


By J. GROSSMANN, M.A., Ph.D., F.L.C., 
Chemical Engineer and Consulting Chemist, Manchester. 


FRACTIONAL DISTILLATION. 


RACTIONAL distillation is 

a process for separating 

liquids which boil at different 

temperatures. The general 

view ìs that, at the boiling 

point of a mixture of liquids, 

the most volatile constituent 

evaporates first, and carries with it only a 
certain quantity of the less volatile con- 
stituents. If, therefore, the part which 
passes over is cooled, a product is obtained 
which consists chiefly of {һе volatile parts of 
the mixture. As the distillation proceeds 
the residue in the retort will gradually be 
freed from more volatile substances, and 
its boiling point will accordingly be raised. 
It is impossible to separate some mixtures 
by fractionating: cases occur where the 
constituents, at a certain point of the distilla- 
tion, form groups which may be considered 
as combinations ; and in this case, although 
the distillate will pass over at a fixed 
temperature, it will not be a pure compound, 
but a mixture or combination of fixed boiling 
point. ‘Thus a mixture of 8 per cent. of 
water and 92 per cent. of alcohol cannot be 
separated by fractionating. On. boiling a 
weak aqueous solution of hydrochloric acid, 
water will be given off until the residual 


product contains a mixture of 20 per cent. of 
НСІ and 8o per cent. HO; and on boiling 
a strong solution of hydrochloric acid in 
water, hydrochloric acid gas will be given off 
until the remainder in the still is again com- 
posed of 20 per cent. of hydrochloric acid 
and 8o per cent. water; in both cases the 
boiling point will be found to be 110°C. 


The laboratory apparatus used for fraction- 
ating consists of a flask provided with a 
fractionating tube connected with a Liebig 
condenser. Many different designs of these 
fractionating tubes have been proposed, 
though all are based on the principle of 
opposing a certain amount of resistance to 
the vapour passing through them, and of 
increasing the cooling surface, and thus 
effecting the condensation of the higher boiling 
vapours, whilst the lower boiling vapours pass 
on through a Liebig condenser. Оп a large 
scale the principle is exactly the same. The 
mixture of the liquids to be separated is 
placed in a still of suitable shape, made of a 
material that will not be attacked by the 
substance which has to be manipulated. It 
Is sometimes most difficult to find а suitable 
substance from which to construct the still: 
the most varied materials are used, including 
cast iron, wrought iron, copper, silver, lead, 
enamelled iron, earthenware, and even glass. 
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Fic. 15.—To sHOW GENERAL ARRANGEMENT 
OF FRACTIONATING PLANT. 


According to the nature of the substances, 
and the temperature they require for separa- 
tion, the still may be heated by open fire, by 
steam, or by hot water ; wherever inflammable 
liquids, which give off vapours at compara- 
tively low temperatures, have to be treated, 
it is a fixed rule that no open fire must be 
used. Fig. 15 shows the general arrangement 
of a fractionating plant. 

The vapours which come from the still pass 
through a separator A, which corresponds to 
the fractionating tube used in the laboratory 
model. This separator generally consists of 
a metal tube A, which may be divided hori- 
zontally into a number of compartments by 
sieves (as shown in Fig. 17), or by plates 
provided with lutes covered by bells (as shown 
in Fic. 16). Tubes are provided at the sides, 
so that condensed liquid may run back into 
the still. The distillation is regulated in such 
a manner that, if the separator is kept at the 
proper temperature, only vapours pass from 
it into the vessel B. This vessel really 
represents the Liebig condenser of the 
laboratory apparatus, but is inverted so that 
whatever ‘condenses in it goes back in the 
separator, while the lighter constituents pass 
on into the receiver C, where they are 
completely condensed. It may not be un- 
necessary to point out that in a system of 
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this kind the separation of the constituents 
takes place not only in the still, but to a 
great extent also in the separator ; and that 
the success of the operation depends largely 
upon the proper management of the cooler B, 
which regulates the quantity of liquid that 
runs back into the separator. 

We have only been able to touch lightly on 
the very important cases in which heat is 
applied in chemical operations, and have so 
far altogether omitted its application for 
purposes of drying, fusing, and melting, 
which should naturally follow in this place. 
In order, however, to give a little variety to 
the subject, we prefer to leave that part to a 
future occasion, and to introduce now a 
subject which will enable us to show how it 
is sometimes necessary to introduce methods 
of procedure in practical work which differ in 
principle from those adopted in the construc- 
tion of laboratory apparatus. Such a subject 
is presented in the apparatus used for filtering. 


THE FUNNEL AND ITS TECHNICAL 
EQUIVALENTS. 


Many operations in the laboratory —in fact, 
nearly all operations connected with quantita- 
tive gravimetric analysis—depend upon the 
production of insoluble or slightly soluble 
precipitates, which by various means are 
separated from the liquid in which they are 
suspended. If the precipitate is suspended 
in a large amount of liquid, and if it settles 
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Fic. 16. Fic. 17. 


Two DIFFERENT TYPES OF SEPARATOR. 
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well, part of the liquid may be poured from 
it The same would apply on a large scale ; 
but in the case where, in the laboratory, it 
would be necessary to pour the liquid off, on 
a large scale taps could be arranged in 
cisterns at convenient distances, which on 
being opened would let off the clear liquid 
and leave the precipitate undisturbed. 
When the precipitate is easily disturbed, it is 
usual, in laboratory work, to use a syphon 
made of glass tubing for drawing off the clear 
liquid. On a large scale, except in special 
cases, it is not usual to use a glass syphon: 
but according to the nature of the liquid, 
syphons may be made from lead or copper 
tubing, and they may be constructed to work 
automatically, by making the short end of the 
syphon which dips into the liquid of a flexible 
material connected to a float; it will then 
lower itself automatically as the level of the 
liquid descends. 

In the laboratory it will generally be found 
more convenient to effect the separation of 
the precipitate from the liquid by filtering the 
mixture through filter paper placed in a funnel. 
Where comparatively small quantities have 
to be dealt with on a large scale, the filter 
paper may be replaced by bags made of 
cotton, woollen, or linen cloth, the coarseness 
or fineness of which will depend upon the 
nature of the precipitate. The choice of 
suitable filter cloth is of great importance, 
and comparative tests should be made їп the 
laboratory before deciding which kind of 
cloth to use in the works. 

In order to accelerate filtration, the labora- 
tory chemist often filters under diminished 
pressure, by fixing the funnel into a flask 
which is connected with a Bunsen pump, 
thus drawing the filtrate into the flask. This 
may be done on a large scale in an apparatus 
which is shown in Fig. 18. 

The liquid enters the apparatus A at B, 
and C being connected with a vacuum pump, 
the space D will become exhausted, and the 
liquid will be drawn through the filter cloth 
which is placed on the false bottom E, leaving 
the residue on this. 

It will occur to the reader that this apparatus 
might be used in a different way. Suppose, 
instead of drawing the air through by creating 
a partial vacuum, we were to pump air into 
the top of the apparatus ; we could then force 
the liquid at increased pressure through the 
filter cloth instead of drawing it through by 
means of a vacuum. This 1s an operation 
which is not performed in the laboratory 
because it would not only be ditficult to 
construct suitable apparatus, but because it 
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would not offer any particular advantage over 
filtering in a vacuum. On a large scale, 
however, it is different. Working in a 


vacuum means working in a closed system, 


and thus adding to the expense of the instal- 
lation. Moreover, each time the apparatus 


Fic. 18.—APPARATUS FOR FILTERING 
UNDER DIMINISHED PRESSURE. 


is emptied the vacuum must be broken, 
and a loss in labour and fuel incurred. It is, 
therefore, cheaper to work under pressure 
than to work in a vacuum; and for this 
reason filtering under pressure has become 
one of the most important accessories to 
chemical work. ‘lhe apparatus which is used 
for this purpose is called a “ filter-press," and 
consists, broadly speaking, of а set of 
chambers separated by filter-cloths. The 
mixture of liquid and precipitate is forced 
by means of a pump, compressed air, or by 
natural gravitation, into the press. 

There are two kinds of filter-presses— 
chamber presses and frame presses. In the 
chamber presses the mixture of liquid and 
solid matter is introduced through a channel 
which runs through the centre of the press. 
' The filter-cloth hangs from the top of the 
chamber, so as to cover each side of it, and 
has an opening cut into its centre, so that it 
can be screwed tight into the channel of the 
chamber. On screwing the press together, 
it is evident that the two filter-cloths will 
touch each other, and the chances of obtain- 
ing a water-tight system are, therefore, 
increased. The sides of the chambers project 
in such manner that the cake of separated 
solid matter collects in the space formed by 
the projections, and on opening the press, 
the pressed mass falls out automatically. 
In frame presses the cake is formed in frames 
which are separated by filter-cloth, with 
openings at the side through which the liquid 
mixture 15 introduced. On opening the press, 
the cake remains in the frame, which can be 
lifted out and emptied. Fig. r9 shows a 
drawing of a chamber filter-press. 
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F1G. 19.—CHAMBER FILTER PRESS. 


Whatever the construction of the press may 
be, it is provided with solid end pieces, one 
of which is stationary, and the other movable 
by means of a screw or lever or other 
mechanical arrangement. The most usual 
materials of which presses are made are iron 
and wood ; but for special purposes they may 
be lined, in those parts which are exposed to 
the liquid, with lead, ebonite, or any other 
resisting material. As stated before, they 
may be fed either by natural gravitation, or 
by means of pumps or compressed air, and 
arrangements аге generally provided for 
washing the cakes free from the original 
liquor. As the presses may be worked at 
almost any pressure, it is evident that care 
must be taken in ascertaining the pressure at 
which the required substance will filter best. 
Thus, with very slimy substances great pres- 
sure would only have the effect of depositing 
a thin film on the filter-cloth ; this would be- 
come stopped up, and further filtration would 
cease. The manufacture of filter-presses has 
become a speciality with several well-known 
firms of engineers, who construct them in 
many varieties, to suit special purposes. 
They may be obtained suitable for dealing 
with substances which, during filtration, have 
to be kept at a raised temperature, so as not 
to crystallise out ; or have to be kept at a low 
temperature, soas not to melt. These purposes 
are generally effected by channels being pro- 
vided in the chambers through which steam, 
or hot or cold water may be passed. 

Besides being used for filtering purposes, a 
funnel is often used in the laboratory for 
draining crystals or similar substances free 
from part of their moisture or mother-liquor. 
Sometimes the student in the laboratory will 
effect this purpose quicker by putting the 
crystals into a little bag attached to a string, 
and swinging the bag round for some time. 
In doing this he practically does what a 
centrifugal machine does on a large scale. It 
is well known that when a body is compelled 
to move in a curved line, say a circle, it has 


a tendency to leave the curve at a tangent— 
that is, to get away from the centre of curva- 
ture. The natural consequence is that it 


! presses against the sides of the vessel in which 


it is made to move, and which prevents it 
from going into space. This is known asthe 
centrifugal force of a body, and it is propor- 
tionate to the square of the velocity of 
the body. 

A centrifugal machine, or a hydro-extractor 


$. as it is often called, is based on this principle; 


that represented in Fig. 20 consists of a cage 
А, made to revolve at great velocity in a solid 
{тате B which surrounds it; the latter is 
supplied with an aperture C through which 
any liquid may drain. The cage is made of 
sheet copper or iron, and perforated with 
holes or with slits. A centrifugal machine 
may be over-driven or under-driven—that is, 
the arrangement by which it is coupled up to 
the engine may be placed either below or 
above the cage. If crystals containing 
moisture are placed in the cage, and the 
machine is set in motion, the crystals are 
thrown against the sides of the cage, and the 
water will be forced through the openings, so 
as to leave the crystals comparatively dry. 
When the mass which is to be dried is of a 
very fine texture, so that it would go through 
the openings in the cage, it is necessary to 
place a filter bag within the cage, and on 
this the crystals or other materials are 
deposited. In this case it is particularly 
necessary to bear in mind that with double 


velocity the pressure against the sides is 


quadrupled ; with triple velocity it is rendered 
nine times as great, and so on; thus it is 


Ес. 20. —CENTRIFUGAL HYDRO-EXTRACTOR. 


quite possible that with a centrifugal machine 
revolving at a great speed we might get worse 
results than with a machine revolving at a 
lower speed, as under a high centrifugal 
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force the filter-cloth or the interstices of the 
cage may become stopped up. The fact that 
the centrifugal force increases proportion- 
ately to the square of the velocity adds to the 
danger of the machine. Care must be taken 
that the mass in the cage is evenly distributed ; 
hydro-extractors are sometimes provided with 
an arrangement by which any unevenness of 
distribution is automatically counterbalanced. 

It follows, of course, that the centrifugal 
machine can also be used for filtering or 
drying precipitates ; in most cases, however, 
it will be found that a filter-press is more 
suitable for this purpose, as in this case it is 
easier to wash the precipitate with a minimum 
quantity of water or liquid than in a centri- 
fugal machine, When dealing with precipitates 
it is always necessary to use a filter-cloth in 
the centrifugal machine, and it is then par- 
ticularly necessary to see that the velocity at 
which the machine works is suited to the 
material, and is not so great that the pores of 
the filter will become stopped up. 

It is often found necessary, in the laboratory, 
to filter substances through sand, asbestos, 


glass or similar material, which in that case 
is placed at the bottom of the funnel. On a 
large scale similar arrangements are frequently 
used, particularly for clearing water or trade 
effluents, and in sewage works. In such in- 
stallations large cisterns are generally built in 
the ground with brick, concrete, or similar 
material. ‘These may contain false bottoms, 
or may be simply provided at the bottom 
with channels for letting off the clear filtered 
liquor. Further, they often have arrangements 
for distributing the original liquor evenly 
over the top of the tank. These cisterns are 
partially or wholly filled with sand, coke, 
coal, broken bricks or similar material. 

The processes of filtering are of great im- 
portance, and require considerable practical 
experience. "They belong, unfortunately, to 
those parts of chemical engineering in which 
theory can be of but little use, except in 
those points which we have indicated. "They 
present, however, an interesting example of 
processes which, though impracticable in the 
laboratory, can be carried out successfully on 
a large scale. 


FORMIC ALDEHYDE IN THE AIR. 


Н. Henrier, who lately detected formic 


aldehyde in the air, has determined the pro- 


portion to be between 2 and 6 grammes in 
тоо cubic metres. ‘This proportion is higher 
than the normal amount of ozone, which 1s 
from 1 to 3 milligrammes only. Filtered air 
is passed over mercuric oxide heated to 250°, 
and the total carbonic acid gas thus obtained, 
determined. The excess of this amount over 
the amount of carbonic acid in the same 
volume of air not passed over heated mercuric 
oxide is due to oxidation of the formic alde- 
hyde. Minute quantities of formic acid are 
also present. (Comptes Rend., 138, 1, 272.) 

A. Trillat finds formaldehyde invariably 


present in the products of combustion and 
smoke from burning organic matter, as wood, 
paper, pure cellulose, rubber and tobacco, in 
proportions varying between 1:1,000 and 
I:10,000. Even a simple hydrocarbon 
like benzol gives an appreciable quantity, 
I : 120,000 of its weight when burnt. Tol- 
uene gives 1: 80,000, and xylene 1 : 40,000. 
Although the amount formed may vary with 
the conditions under which the organic matter 
is consumed, formaldehyde is a constant and 
normal constituent of the combustion products. 
Probably the air of smoky manufacturing 
towns will prove to be richer in formaldehyde 
than that of ordinary localities. (138, 1, 611.) 


ea 


A VARIABLE SPEED GEAR. 


Giving all Speeds from Zero to a Maximum. 


ITHIN the last few years numerous 
speed gears have been put on 
the market: these have all been 
alike in one respect, z/z., that 

they give only a limited number of definite 
speeds; and, indeed, it has generally been 
believed that a speed gear characterised by a 
direct drive, and yet capable of continuous 
adjustment for all speeds, was an impossibility. 
The “Newman ” speed gear, however, suc- 
cessfully accomplishes this result, any speed 
between zero апа a certain maximum value 
being obtainable by its use. This gear is 
represented diagrammatically in Fig. 1. The 
central pinion G is fixed ; round this revolve 
four planet-pinions which rotate about studs 
fixed to the gear case, which in its turn is 
rigidly connected with the variable speed 
shaft. Each planet-pinion comprises two 
separate parts—an outer annulus with external 
teeth, and an inner disc rotating freely on 
the stud fixed to the gear case. "The only 
connection between the inner disc and the 
outer toothed annulus is effected by a roller 
clutch arrangement. Оп the periphery of 
the disc are four slots containing rollers; each 
slot on one side is not quite so deep as the 
diameter of the contained roller, while on the 
other side it is somewhat deeper than the 
diameter of the roller. The slots are shown 
black in Fig. т. If a disc is rotated in a 
clockwise direction at a speed greater than 
that of its surrounding annulus, the roller 
rolls into the narrower part of the slot, and 
the disc and annulus run solid; if the speed 
of a disc is less than that of the annulus, or 
if the disc is rotated in an anti-clockwise 
direction, the roller rolls into the deeper part 
of the slot, and the disc and annulus become 
free of each other. 

Let us now suppose that one of the discs 
shown in Fig. 1 is rotated backwards and 
forwards through a small angle; during the 
small clockwise rotation the roller clutch is 
operative, and the annulus is forced to rotate, 
and consequently rolls through a small 
distance about the central pinion С; in 
doing so, it carries with it the gear case 
and the other planet-pinions. During the 
small anti-clockwise rotation, the roller clutch 
releases the annulus, so that while the disc 
returns to its original position the annulus 
does not follow it. It is thus clear that 


Fic. 1. —' NEWMAN" SPEED GEAR. 


successive small backward and forward rota- 
tions of one of the discs will cause the 
gear case, and with it the variable speed 
shaft, to rotate in a clockwise direction. 
'The way in which the small backward and 
forward rotations of the discs are produced 
is as follows :— 

At the end of the constant speed shaft is 
an excentric stud, shown in section at A 
(Fig. т). This stud, of course, is in no way 
connected with the fixed pinion G, but 
revolves over this in the dotted circle shown. 
The excentric stud is joined, by means of 
four connecting rods, to pins in the central 
discs of the four planet-pinions ; thus, during 
one rotation of the constant speed shaft, each 
disc will effect a forward and backward 
motion, and the surrounding annulus will be 
forced to roll a certain distance around the 
central pinion G. The positions of the con- 
necting rods (represented by thick lines in 
Fig. 1) are such that, as the roller clutch of 
one planet-pinion disengages, that of the next 
pinion engages, and consequently the gear 
case rotates continuously at a rate dependent 
on the excentricity of the driving stud, which 
can be varied at will. Let the excentricity of 
the driving stud be such that the throw of a 
particular connecting rod is equivalent to a 
rotation of # teeth of the connected planet- 
pinion ; then if the central fixed pinion has T 
teeth, it can be proved, by an application of 
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the principle explained on p. 230, that the 
variable speed shaft will turn at a rate equal 
to 1472 (T + 45)] of that at which the con- 
stant speed shaft turns. The proof alluded 
to is as follows :— 

Let us suppose that the gear case and 
variable speed shaft are held stationary, the 
central pinion G being free to rotate ; then, 
while the constant speed shaft completes one 
rotation, carrying the driving stud A with it, 
cach planet-pinion will have rotated in a 
clockwise direction through # teeth, and will 
have caused the central pinion to rotate 
through (2/1) of a complete rotation; thus 
the central pinion will have altogether rotated 
through (4 4/T) teeth in an anti-clockwise 
direction. Let us now bring the central 
pinion A to its original position by rotating 
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the whole of the gear as a solid body through 
(47/1) of a clockwise rotation; then the 
driving stud A and constant speed shaft will 
have rotated through {1 + (4%/T)! turns, 
and the gear case will have rotated through 
(4 n/T) turns ; therefore the ratio 


Speed of variable speed shaft _ дл 


Speed of constant speed shaft ^ T 4-400 

The Newman Speed Gear is made by 
Messrs. Johnson & Phillips, of Charlton, 
Kent. It was exhibited at the Automobile 
Exhibition at Olympia, where it attracted 
much attention. When it is fitted. to а 
motor car, the latter can be made to crawl 
along at the smallest conceivable speed, ог 
the speed can be gradually increased to a 
maximum without any discontinuity or shock. 
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A POSSIBLE GAS ENGINE ECONOMY. 


MONG the many valuable papers 
A lately read before the Sixth Inter- 
national Electrical Congress at St. 
Louis, was one by Mr. W. L. К. 
Emmet, on the Effect of Steam Turbines on 
Central Station Practice. Apart from its main 
points, this paper is particularly interesting, as 
in it Mr. Emmet draws attention to what 
might prove to be a very valuable economy 
in gas engine operation. ‘lhe idea he brings 
forward is old, and has been to a certain 
extent discounted in the past: with recent 
improvements in prime movers its possibilities 
have, however, increased, and at any rate it 
provides food for profitable thought. 
As 1s well known, the exhaust gases of an in- 


ternal combustion engine are of high tempera- . 


ture, and in the ordinary way represent a dead 
thermal loss. In like manner, the cooling 
jacket water absorbs much heat, which passes 
away and adds to this inefficiency. In view of 
these two points, it has bcen suggested that the 
water should be conducted to a special boiler 
fired by the hot exhaust gases, and that the low- 
pressure steam generated should be used to 
develop power in a suitable prime mover. 


Mr. Emmet suggests the steam turbine for 
this purpose, and considers it possible in this 
way to obtain an increase in the available 
work of 30 per cent Others who have 
conducted investigations in this field have 
never claimed quite such a favourable result, 
IS to 20 per cent. having, so far, been the 
most optimistic estimate. 

Another, and upon the face of it a better 
suggestion, 1s to couple the low-pressure steam 
engine direct to the gas engine shaft, thus 
making one set of the two, economising floor 
space, and compensating to a certain extent 
for the irregular motion of the former and 
main engine. 

There appears to be no evidence that 
anything has been attempted practically in 
this direction, and, no doubt, the complexity 
of the problem is the chief cause. It would 
seem, however, that such a scheme is far from 
being utterly impracticable ; and perhaps the 
renewed publicity given to it in Mr. Emmet's 
paper, coupled with the alluring nature of the 
idea, may result in some form of practical trial, 
or at least a thorough investigation into its 
possibilities. 


Mechanism. Ву S. Dunkerley, M.Sc., A.M.I.C.E., 
М.1.М.Е., Professor of Applied Mechanics in the 
Royal Naval College, Greenwich. pp. viii. + 408, 
with 416 illustrations. (London: Longmans, Green 
& Co., 1905). Price оз. net. 

The subject-matter of this book treats of pure 
mechanism, or the kinematics of machines. The 
works of Willis, Rankine, and Reuleaux treat of 
mechanism from a philosophical standpoint, 
and therefore the author justly considered it 
unnecessary to dwell on this aspect of the 
subject. Оп the other hand, a treatise on 
mechanism, written from the practical point of 
view, has been badly needed, and Professor 
Dunkerley's book is just of the kind required. 

An elementary descriptive chapter, dealing 
with machine tools and mechanisms used for 
special purposes, has been added. This will 
doubtless be welcomed, the more so as the 
author treats this, in common with other parts 
of the subject, with an engaging freshness and 
vigour. The remaining chapters include a full 
discussion of straight line motions, indicator 
mechanisms, quick return notions, couplings, 


velocity diagrams, approximate solutions to link. 


motions and radial valve gears, acceleration 
diagrams, toothed wheels, non-circular wheels, 
cams, and machines for cutting teeth. А number 
of numerical examples are added at the end 
of ihe book. 

The book is printed on good paper, and the 
printing and illustrations are excellent. The 
occasional use of mathematics was unavoidable, 
but that used should give no trouble to anyone 
with very moderate mathematical attainments. 
Some of the most difficult problems that present 
themselves to the engineer are those connected 
with the forms of teeth ; these problems are 
fully discussed in a most able manner, and 
Professor Hele-Shaw's development of Willis's 
mechanical method of solution should prove 
most useful. In dealing with velocity and 
acceleration diagrams, Professor R. H. Smith's 
methods have been used with advantage. 
Approximate methods of solution of various 
problems come in for a due share of notice: 
this is a valuable feature of the book, for it may 
safely be said that, in the mathematical work of 
a practical engineer, approximations play a 
more important part than exact calculations, 
and the college training of engineers in mathe- 
matics is too often rendered almost valueless 
by ignoring this, A useful index has been 
added. Altogether, Professor Dunkerley has 


produced a book of which it is impossible to 
speak too highly. 


Manual of Chemical Analysis, as applied to the 
Assay of Fuels, Ores, Metals, Alloys, Salts, and 
other Mineral Products. By Eugéne Prost, D.Sc., 
of the University of Liége. Translated from the 
original by J. Crulkshank Smith, B.Sc., F.C.S. 
pp. viii. + 300, with 45 illustrations. (London: 
Maclaren & Sons, 1904). Price 12s. 64. net. 

This book deals, in a clear and succinct 
manner, with the chemical analysis of the 
various ores, minerals, metals and alloys met 
with in the chemical and inetallurgical industries, 
and should prove of great use to chemists, 
analysts, assayers, engineers and others inter- 
ested in the analysis and valuation of industrial 

roducts of mineral origin. Details of manipu- 
ation are given, together with precautions which 
ought to be observed in connection with the 
various processes described. The metric system 
of weights and measures, and the centigrade 
scale of temperature, are used throughout the 
book, except in a few special cases which are 
indicated. 

The processes described are confined to those 
which Dr. Prost has found from experience to 
lead to satisfactory results, except in the case 
of processes which have been communicated to 
the author by experienced chemists in charge 
of important laboratories. Ву a constant 
endeavour to avoid unnecessary repetitions an 
enormous amount of information has been 
crowded into a small space; the succinctness 
of the descriptions greatly adds to their value. 
The translator has done his work well, and a 
very full arid useful index has been added. 


Machine Tools and Workshop Practice for Engi- 
neering Students and Apprentices. By Alfred Parr, 
Instructor in Fitting and Machine Shop, University 
College, Nottingham ; with an Introduction by 
William Robinson, M.E., M.I.C.E., Professor of 
Engineering in the same college. pp. xvi. + 444, 
with 510 illustrations. (London: Longmans, (Green 
& Co., 1905.) Price 107. 64. net. 


The aim of this book is to explain, in a con- 
nected form, the construction and use of machine 
tools ; the experience gained by the author has 
placed him in a position to give adequate in- 
struction for the use of students attending 
technical colleges, and apprentices or beginners 
in the machine shop. The book covers a large 
range of subjects, and cannot fail to be of use to 
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the practical worker ; it will help him to study 
and understand the use of the machine tools he 
uses, to judge of the most efficient tools for a 
given kind of work, and further to appreciate 
the most approved methods of organising. and 
doing work. 

In recent years, the necessity for division of 
labour has led to the introduction of automatic 
machines, with the most favourable results. 
Although these machines are worked by un- 
skilled labour, they have nevertheless called 
into being a class of specially-skilled artisans to 
make the cutting tools required. 1n hand work, 
or in the older types of power-driven lathes and 
similar machines, an indifferent tool may be 
made, by the exercise of judgment and resource, 
to do good work ; but the essential need of an 
automatic machine is that skill and knowledge 
must not be required in its use, and therefore 
the exercise of these qualities devolves on the 
designer of the machine and the maker of the 
necessary cutting tools. This aspect of the 
subject 1s very ably dealt with in the book before 
us. The first chapter is devoted to measure- 
ment, a subject which obviously demands first 
notice. The subsequent chapters contain des- 
criptions of lining out tools and processes, 
materials, drills and drilling machinery, turret 
lathes, treadle and power lathes, lathe appliances, 
boring machines, lathe work, grinding machines ; 
sawing, planing, shaping, and slotting machines ; 
milling machines, gear cutters, cutting tools апа, 
their use ; fitting and erecting work, forge shop 
tools, hydraulic machine tools, the transmission 
of power, and methods of working. 

The book is splendidly illustrated, and is pro- 
vided with an index. 


Electricity Control: a Treatise on Electric Switch- 
gear and Systems of Electric Transmission. By 
Leonard Andrews, A.M.LC.E., М.1.Е.Е. pp. xvi. + 
231, with 2 plates and 204 figures in the text. 
(London: Charles Сп & Co., 1904). Price 
125. Od. net. 

Amongst the imposing array of books which 
have been written to meet the wants of the 
electrical engineer, this book stands alone in 
many respects. In the first place, it deals with 
a detail of electrical engineering practice, and 
that a most important one, to which due atten- 
tion has been given only during recent times, 
and therefore the references to this subject in 
most text-books are somewhat casual. The 
author very aptly compares the switchboard 
with the nerve-centre of a human being; and 
just as an inconsiderable lesion in the brain 
may produce disturbance or paralysis in the 
whole living organism, so any defect in switch- 
board construction is sure, sooner or later, to 
make itself felt throughout the whole area fed 
by an electrical supply system. In the second 
place, the author has wisely described many 
systems which have been abandoned, giving the 
reasons for the desuctude into which they have 
fallen. — This is а valuable. feature, and, if 
generally adopted in text-books, would prevent 
much waste of time in inventing devices which 
have already been proved to be worthless ; in 
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addition, some devices, which failed on account 
of ѕресіћс difficulties which arose in their use, 
might possibly be utilised under different and 
more favourable conditions. 

Successive chapters treat of the general prin- 
ciples of switchboard. design, constructional 
details, circuit breakers (including switches 
operated automatically and by hand), alternating 
reverse current devices, arrangement of "bus 
bars and apparatus for parallel running, con- 
trolling apparatus for high and low tension 
systems, examples of cemplete installations, 
and long-distance transmission schemes. The 
author’s style is clear and forcible, the letterpress 
is well printed on good paper, and the illus- 
trations are excellently reproduced. This is 
obviously a book which should form part of the 
library of every electrical engineer. 


Notes on Building Construction, arranged to meet 
the requirements of the syllabus of the Board of 
Education, South Kensington. New and revised 
edition. Part I., pp. xx. + 346, with 695 illustrations. 
Part IL, pp. xvin. + 4:2, with 496 illustrations. 
(London: Longmans, Green & Co., 1904.) Price 
тоз. 64. net for each part. 


The builder of to-day requires a much more 
extensive knowledge than sufficed for his pre- 
decessors, Not only has the keen competition 
of recent years called for the adoption of methods 
which are at once economical and efficient, but 
more attention must be paid to details such as 
drainage ; moreover the efficient heating, lighting, 
and ventilation of a building must often be taken 
into consideration. The books before us should 
prove of the utmost value to all those whose 
duties are connected with the building of houses, 
for they give just the information required, while 
yet their scope embraces many important sub- 
jects which are not infrequently omitted from 
books of a similar description. The books are 
well printed and illustrated, and everything 
possible has been done to render them as 
attractive and useful as possible. 

The first volume is devoted to walls and arches, 
brickwork, masonry, carpentry (including joists 
and fastenings, floors, timber beams, curved 
ribs and trussed girders, partitions, centres, and 
timber roofs), roof covering, slating, plumber's 
work, steel and iron girders, riveting, and steel 
and iron roofs. The subjects considered in the 
second volume are :—Foundations, excavations, 
shoring, scaffolding, plumbing and sanitation, 
joinery, stairs, tireproof floors, plasterer's work, 
painting, paper-hanging and glazing, heating 
and ventilating buildings, electric. апа gas 
lighting, materials, and stresses in structures. 
In a future edition it would be advisable to give 
some information on the setting of kitchen 
ranges and other similar subjects ; these pro- 
cesses are apparently of so simple а character 
that as a general rule no thought is devoted to 
them, with the consequence that a large pro- 
portion of the houses built in recent years are 
ntted with ranges which are most inefficient in 
their action, mostly due to the casual way in 
which they have been fitted in their places. 
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Students wishing for the solution of problems, or assistance in their scientific or technical studies, are invited 


fo consult the Editor by letter. Queries 
sender, together with a nom de plume for publication. 


Should be accompanied by particulars of the sources from which they are derived, 


should be accompanied by the name and address of the 
Queries obtained from text-boo&s or examination papers 


Queries should reach us 


before the 10th of the month, to be answered in the next month's issue. Each inquirer is restricted to one 
query per month, 


MOLECULAR STRUCTURE.—Assuming that the 
hydrogen molecule contains an even number of 
atoms, give reasons for the generally accepted 
view that the number is 2, and not 4, 6, etc. 


(1) In accordance with Avogadro’s hypothesis 
the molecules of all gases occupy the same 
effectual space under similar conditions of 
temperature and pressure. A large number of 
hydrogen compounds are known, which are 
either gaseous or may be rendered gaseous ; of 
these it 1s highly probable that оле at least 
contains only one atom of hvdrogen. Never. 
theless, if such a weight of any known substance 
be taken as contains 1 gram of hydrogen in the 
gaseous condition, it is in no case found to 
occupy more than twice the volume of 1 gram 
of free hydrogen at the same temperature and 

ressure. In other words, no substance 15 
bm the molecule of which contains less than 
half the number of atoms present in a molecule 
of hydrogen. 

(2) In a substance such as methane, it is 
found that the hydrogen mav be replaced in 
several successive stayes (in this case four), and 
the amount replaced at each successive step is 
the same. Now a comparison of the density of 
methane with that of hydrogen shows that the 
former contains twice as much hydrogen per 
molecule as does free hydrogen, and these facts 
are best explained by assuming that the mole- 
cule of methane contains four atoms of hydrogen, 
so that the molecule of free hydrogen contains 
but two. If the assumption is made that the 
hydrogen molecule contains four atoms, then it 
must be supposed that the hydrogen of methane 
can only be removed two atoms at a time, and 
it would be difficult to understand why this should 
be the case. 

(3) It is known that the number of atoms in 
a molecule of mercury vapour is almost certainly 
half the number in a molecule of free hydrogen, 
as such a conclusion is the only one which is at 
the same time in harmony with the Law of 
Dulong and Petit, and with Avogadro's Hvpo- 
thesis. The ratio of specitic heats at constant 
pressure and constant volume for mercury 
vapour agrees with the value (1:66) obtained 
theoretically on the assumption that the mole- 
cules themselves do not absorb energy ; but in 
the cases of gases, the molecules of which are 
known to contain more than one molecule, the 


ratio of the specific heats is less than 1°66. 


The abnormality in the latter instance is 
generally assigned to the complex nature of the 
molecules of these gases, and if this highly 
probable assumption be correct, then the 
mercury molecule must be monatomic, and 
the hydrogen molecule, therefore, must be 
diatomic. 


ORGANO - METALLIC COMPOUNDS. — Write an 
account of the recent work of Grignard on the 
organo-metallic compounds, and discuss their value 
as synthetical reagents.— 2. E. Honours //., 1903. 


In 1899, Barbier (Comptes Rendues, 1899, 
728, 110-111) showed that methylheptenone 
could be converted into dimethylheptenol 
by the aid of methyl iodide and magnesium 
turnings if ether were used as a solvent ; and in 
the following year Grignard (/?4., 1900, 730, 
1322-1324) announced that although magnesium 
acts on methyl iodide extremely slowly, in 
presence of ether a rapid action occurs, the 
metal dissolving with the formation of a clear, 
nearly colourless liquid. This liquid. behaves 
as if it contains magnesium methyl iodide, for, 
on addition to it of an aldehyde or a ketone, a 
compound is obtained which, on treatment with 
dilute acids, affords a secondary or tertiary 
alcohol, ¢.¢.-- 

CH,’ Mg'l + СНУ СОСН, ө 
= C,H,’ C(CH;,),,O' Mg’ l. 
C,Hy C(CH,O^Mg lI: + HOH 
= C,Hy C(CH3,y OH + Mgl^' OH. 

The method was applicable with alkyl iodides 
and bromide, and the yields obtained were 
good. Even benzyl chloride could be used, but 
with less satisfactory results. Bv the action of 
the magnesium solutions on unsaturated ketones, 
the alcohols first formed lost water, attording 
unsaturated hydrocarbons. ‘Thus mesityl oxide 
with maynesium, methyl iodide, and ether pave 
not 


C(CH,),:CH*C(CH,),"OH, 
but C(CH,),: CH*C(CHj) :CH,. 


Later ibid, 1901, 732, 336-338) Grignard 
found that the magnesium solutions acted on 
carboxylic esters in such a way that two alkyl 
groups became attached to the carbon atom of 
the carboxyl group, the product being a tertiary 
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alcohol: thus with magnesium, amylbromide, 
and methyl acetate, 


2C,H,, Mg! Br + CH,'CO‘OCH, 
CH, C(C,H,, OH. 


Endeavours to isolate the magnesium alkyl 
bromides or iodides from the ethereal solutions 
led to the discovery that they usually separate 
in combination with ether, which is lost at 150° 
in a vacuum ; at higher temperatures the com- 
pounds decomposed, yielding the corresponding 
ethylenic hydrocarbons. The formation of these 
crystalline compounds with ether has been 
attributed to an exhibition of quadrivalency by 
the oxygen atom, and it has been shown that 
magnesium also dissolves in solutions of alkyl 


gave 


iodides in tertiary amines like dimethyl aniline ; ° 


further, quite recently the discovery has been 
made that benzene, etc, may be used as the 
diluent if a few drops of ether or a tertiary base 
be added to act as a catalytic agent., The 
properties of the liquids so obtained are very 
similar to those employed by Grignard. 

By the action of Grignard's compounds on 
esters of ketonic acids, the latter are first 
attacked at the ketonic carbonyl group. The 
alcohol so obtained may have water withdrawn 
from it, when the carboxyl group may then be 
attacked by the magnesium compound. and in 
this way terpin has been synthesised from ethyl 
y-ketohexamethylene carboxylate. 

Nitriles react with the magnesium alkyl 
compounds in such a manner that the alkyl 
group becomes attached to the carbon of the 
cyano group ; the products obtained are ketones 
and ammonia. ‘Thus ethyl magnesium iodide 
and benzonitrile yield e hyl phenyl ketone 
C.H COC, НЕ, 

Finally, it should be mentioned that the 
halogen compounds of the aromatic hydro- 
carbons, such as bromobenzene, react quite 
readily with magnesiuin when in ethereal 
solution, and the products have properties very 
similar to those of the magnesium alkyl iodides. 
This is a point of considerable importance, as 
these substances do not yield organo-metallic 
compousds with zinc, so that the discovery has 
opened an entirely new held of research. 


ACID.—State and illustrate the meaning which 
has from time to time been given to the expressions 
* weak base" and ‘strong acid."— Board of Edu- 
cation, Chemistry, Stage JII., 1904. 


The first ideas formed by chemists on the 
relative affinities of acids were based on the 
fact that some acids were apparently capable of 
driving others out of combination with bases, 
and were therefore classed as the “stronger” 
acids. Later it was found that, by varying the 
experimental conditions, the apparent relative 
strengths of two acids, as determined on this 
principle, might quantitatively be reversed ; 
thus, although sulphuric acid drives out boric 
acid from aqueous solutions. of borates at 
ordinary temperatures, yet at a high temperature 
boric acid is capable of converting sulphates 
into borates. In consequence, sugyestions were 
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made that tables of relative affinities at different 
temperatures should be constructed. 

Bergmann held the view that an acid has the 
strongest afhnity for that base of which it 
neutralises the largest quantity by weight. 

Berthollet was the first to recognise the 
importance of mass action effects and the 
manner in which they might influence the 
relative affinities of acids and bases as 
measured by the old methods ; he pointed out 
that the physical state of the ayents and 
products must be taken into account in all 
instances, 

Thomsen regarded the heat development 
during the neutralisation of an acid by a base 
as a measure of their chemical affinities, an 
assumption which the later developments of 
physical chemistry have shown to be unsound. 

The modern conception of mass action, the 
experiments of Guldberg and Waage, of 
Ostwald and of Arrhenius, have resulted in the 
establishment of the following principle. 

Acids, as a class, are distinguished from 
other classes of compounds by certain properties 
of their solutions, and, in particular, of their 
aqueous solutions, Such properties are, for 
example, their capacity for promoting the 
hydrolysis of esters, of inverting cane sugar, 
and of forming salts with bases. Equivalent 
quantities of а] acids dissolved in an infinite 
amount of water would be equally effective, and 
manifest their maximum acidic effect. In con- 
centrated solution they differ very considerably, 
At a particular temperature and concentra- 
tion each acid has a characteristic function — 
equivalent acidity at experimental dilution Be 

equivalent acidity at infinite dilution ' 
denominator of this fraction, as has just been 
indicated, is probably the same for all acids. 
The strong acids are those in which these 
numerators are the largest when solutions of 
equivalent concentrations are compared. For 
monobasic acids, the relative affinities may be 
regarded as inversely proportional to the 
volumes of the aqueous solutions, containing 
equivalent quantities of the acids, in which the 
acids exhibit one-half their theoretically possible 
acidic power. 

In the case of bases which act as such in 
virtue of hydroxyl groups which they contain, 
similar considerations apply, but if ammonia 
and similar compounds which form salts by 
combining with acids are included us bases, 
complications arise which it would occupy too 
much space to discuss here. 


ANALYST.—State exactly how you would com- 
pletely analyse quantitatively a nickel steel. What 
are the best works on this subject and on 
quantitative analysis generally ? 


For general quantitative analysis, the book 
you already possess by Clowes and Coleman is 
excellent, but a more exhaustive one is 
Fresenius’ Quantitative Analysis (Churchill : 
2 vols., 15s. and 205.), the second part of which 
treats of the special analysis of commercial pro- 
ducts. For iron and steel analysis only, either 
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Arnold’s Steel- Works Analysis (Whittaker : 
10s. 6d.) or Brearley and Ibbotson’s Analysis of 
Stecl- Works' Materials (Longman's : 145.) would 
answer all requirements. 

А complete analysis of a nickel steel would 
involve the determination of carbon, silicon, 
sulphur, phosphorus, manganese, and perhaps 
copper and arsenic, besides the special element 
nickel. Moreover, nickel steels frequently contain 
chromium, so that a description of the analytical 
procedure for each of these elements would 
occupy too much space, and “Analyst” is 
referred to the works mentioned above. The 
presence of nickel does not interfere with the 
determination of any of the other elements by 
the methods usually practised and described, 
except that a determination of carbon by the 
Eggertz colour test is out of the question. The 
nickel itself is determined with the utmost 
accuracy by the following process. 

Weigh off two grams of the steel drillings 
into a flask of the Erlenmeyer pattern, having a 
capacity of slightly more than a litre (30 oz.), 
and add 20 cc. of strong hydrochloric acid. 
When, after heating, the drillings have dissolved, 
add about $5 cc. of strong nitric acid to oxidise 
the iron, and dilute with cold or lukewarm 
water to about 400 cc. Add now with constant 
shaking a strong solution of ammonium car- 
bonate ; each addition results in the formation 
of a precipitate, which dissolves on shaking to a 
solution growing darker and darker in colour, so 
as to appear ultimately almost black when 
viewed in bulk. Towards the end of the 
neutralisation, the flask seems to pull on the 
hand during the shaking, and the addition of 
the carbonate must then be made in very small 
quantities at a time. When a brown precipitate 
(not too copious) forms, and no longer dissolves 
on shaking, take it into solution again by adding 
IO to 20 cc. of acetic acid of B.P. strength: 
after diluting with warm water up to about 
950 cc., heat the dark-coloured solution up to 
boiling, inserting a thermometer in the liquid. 
. If more than 20 cc. of acetic acid are required 
to completely dissolve the precipitate, it is not 
advisable to carry the assay forward ; a fresh 
one should be started, and more care exercised 
in the ammonium carbonate : eutralisation. 

The solution which is being heated will 
become turbid, and a considerable quantity of 
ferric hydrate will separate before boiling point 
is reached. If there are no signs of a turbidity 
below 70? C. the separation of the iron and 
nickel is always very complete. When this 
temperature has been passed, add л0/ more 
than 2 cc. of ammonium acetate solution made 
by neutralising 0:880 ammonium hydrate with 
B.P. acetic acid (33 per cent.) After boiling 
for two or three minutes, the contents of the 
flask are transferred to a litre flask and made 
up to the mark with hot water, after which 
500 cc. are filtered through a dry paper into a 
graduated flask. This filtrate, representing one 
gram of the steel, contains the nickel, and 
should be free from iron. No correction is 
necessary for the volume of the precipitated 
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ferric compound ; but an allowance for con- 
traction by cooling during filtration is made by 
heating the filtrate up to the same temperature 
at which filtration was commenced, removing 
superfluous liquid by means of the thermometer. 

The 500 cc. of filtrate are emptied into a 
large flask and cooled rapidly; ammonium 
hydrate is then added to produce faint 
alkalinity, and then a small crystal or two of 
potassium iodide. From a burette charged 
with a solution of silver nitrate containing 
exactly 1°70 grams of the crystals in 1 litre of 
water, about 5 cc. of solution are run into the 
flask, thus forming a yellowish turbidity of 
silver iodide. A second burette contains a 
slightly ammoniacal solution of potassium 
cyanide (about 1'5 grams per litre); this 
solution is delivered about 2 cc. at a time, the 
flask being shaken after cach addition, until the 
turbidity is just cleared. The exact end point 
is capable of the nicest adjustment, as, in the 
event of its being overshot, more silver solution 
can be run in to reproduce the turbidity. The 
total amount of cyanide used represents the 
nickel together with the silver added. It now 
only remains to ascertain the strength of the 
cyanide solution in terms of the standard silver 
nitrate. About 20 cc. more of the silver solution 
are run into the same flask in which the titration 
has just been made, and the turbidity thus pro- 
duced is again cleared by means of the cyanide ; 
the readings are then taken. Each cc. of the 
silver solution represents 0:000293 grams of 
nickel. 

The end point of the reaction is rendered 
more distinct by the addition of a gram or two 
of ammonium sulphate. 


LIQUOR AND ASH FROM SULPHATE WOOD PULP. 
—Can you give me an easy and quick method of 
analysing the recovered ash, and also the causti- 
cised lye before boiling the wood with it, in the 
sulphate process, with equations and examples of 
working ? 

For the rapid approximate estimation of 
sodium carbonate, sulphide and sulphate of ash 
recovered in the “ sulphate” process, we recom- 
mend the following :— 

The recovered ash can be rapidly tested as 
follows. Take sample, grind to fine powder, 
weigh out 50 grams : dissolve in water, make 
upto 500 c.c. with distilled water. Take то c.c.'s 
of this in about 300 c.c.'s recently boiled cold 
distilled water, titrate with normal acid in the 
presence of phenol phthalein until colour is just 
discharged. As the above indicator receives its 
neutral point on the formation of bicarbonate, 
the reading of the acid consumed multiplied by 
2 and by 070053 gives the amount of sodium 
carbonate present. 

If the titration is slowly and carefully done in 
dilute solution there should be no likelihood of 
decomposing the sulphide. The foregoing is 
recommended as very rapid апа approximately 
accurate. 


Na, CO, + HCl = NaHCO, + NaCl. 
For the more accurate determination of 
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sodium carbonate in presence of sulphide, 
barium chloride is added in excess. The barium 
carbonate so formed is washed on filter paper, 
and titrated with standard hydrochloric acid. 


Na, CO, + BaCl, = 2 NaCl + BaCO, 
BaCO, + 2 HCl = BaCl, + CO, + H4O. 


For the estimation of sulphide the following - 


simple process, recommended by Sutton, can be 
used with advantage. 

Pour 10 c.c. of ash liquor into a flask, acidu- 
late with acetic acid, dilute to about 200 c.c., 
and titrate with decinormal iodine and starch. 
Each 1 c.c. = 0'0039 Na,S. 

For the estimation of sulphate the following 
method can be adopted. 

The solution is neutralised, normal barium 
chloride is added in excess, then normal sodic 
carbonate in excess of the barium chloride, and 
the volume of both solutions noted ; the liquid 
‚ is then made up to 200c.c.'s in a flask, and an 
aliquot portion filtered off and titrated with 
normal acid. The difference between the barium 
chloride and the sodium carbonate gives the 
sulphates. The changes take place in accordance 
with the undermentioned equations. 


Na,SO, + BaCl, + BaCl, 
= BaSO, + 2 NaCl + BaCl, 
Васі, + Na,CO, + Na,CO, 
= BaCO, + 2 NaCl + Na,CO, 
Na,CO, + 2 HCl = 2 NaCl + CO, + H,O 


Recovered Ash,—We assume that the causti- 
cised lye contains the following ingredients :— 
Sodium carbonate, caustic soda, sodium sul- 
phide, sodium sulphate. The sulphide and 
sulphate can be determined as in the case of 
the recovered ash. 

For the determination of the carbonate and 
caustic, proceed as follows when sulphide is 
present in small quantities or entirely absent. 

Measure 10c.c. of the clear causticised liquor 
into a flask or porcclain dish containing 200 to 
300 c.c. of recently boiled and cooled distilled 
water. Add carefully and slowly decinormal 
hydrochloric acid in the presence of phenol 
phthalein until the colour is discharged ; then 
add methyl orange and titrate until the neutral 
tint appears. Double the difference between the 
phenol phthalein and methyl orange reading 
represents the carbonate: the methyl orange 
reading represents the carbonate and caustic. 
Therefore in order to arrive at the amount of 
caustic the figure for the carbonate is deducted 
from the total геайіпр * оЁ the methyl orange 
titration. 


NaOH + Na,CO, + 2 НСІ 


= 2 NaCl + NaHCO, + H,O neutral to phenol 
phthalein. 


NaHCO, + HCl 
= NaCl + H,CO, neutral to methyl orange. 


(1) Total alkali existing as carbonate, hydrate, 
and sulphide, is found by titrating 10 c.c. — I gr. 
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of ash with standard acid and methyl orange in 
the cold. 


Na,CO, + 2 НСІ = 2 NaCl + H,O + CO, 
NaOH + HCI = NaCl + H,O 
Na,S + 2 НСІ = 2 NaCl + Н,5. 


(2) Caustic soda : 20 c.c. of the liquid is put 
into a тоо c.c. flask with то c.c. of solution of 
baric chloride of 10 per cent. strength, filled up 
with hot water, well shaken, and corked after 
settling a few minutes. The clarified liquid is 
filtered, and 50 с.с. = 1 gr. ash, titrated with 
standard' acid and methyl orange ; or it may be 
titrated without filtration if standard oxalic acid 
and phenolphthalein are used, this acid having 
no effect on the baric carbonate. Each c.c. 
normal acid = ооз: Na,O. This includes 
sulphides. 

Na,CO, + NaOH + BaCl, 
= BaCO, + 2 NaCl + NaOH. 
NaOH + НСІ = NaCl + Н,О. 


(3) Sodic sulphide.— Put toc.c. of liquor into 
a flask, acidulate with acetic acid, dilute to 


about 200 c.c., and titrate with Е iodine and 
starch. Each c.c. = 0'0039 Na,S, ог 0°003! 
Na,O. 

For calculation of results.—From total soda 
as determined in (1) deduct soda as sulphide 
and caustic as determined in (2), which gives the 
sodium carbonate. The caustic is determined 
by deducting sulphide (3) from caustic and 
carbonate (2), and (3) gives the sulphide. 


GEOMETRICAL OPTICS.—A, B are two points, 
and D E is the section of a convex spherical 
mirror (centre C), by the plane through A, B, and 
C. Find the path of a ray of light from A which, 
on being reflected by the mirror, will pass through 
B. А locus may be used if necessary. 


Join A C. Starting from the point where the 
line A C cuts D E, step out the curve D E in 
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FIG. I. —GEOMETRICAL OPTICS. 


equal parts, and through the points thus 
obtained, draw straight lines from C. Each of 
these radial straight lines will be normal to 
D E at the point of intersection. If we join А 
to any one of the points just found, we obtain 
the path of an incident ray ; we can at once find 
the corresponding reflected ray by drawing it 
from the point of incidence, so that the incident 
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and reflected rays lie on opposite sides of the 
normal and are equally inclined to this. Find 
the reflected rays at the various points on D E 
cut by the radii: produce the reflected rays 
backwards through the mirror, when it will be 
found that they envelop a curve F G, which is 
termed the caxstic curve. Since each reflected 
ray touches this curve, we can find the reflected 
ray passing through B by drawing a straight 
line from B to touch the curve F С. Join A to 
the point where this reflected ray cuts D E, and 
this will give us the corresponding incident ray. 


GRAVITATION. —At what distance from the centre 
of the earth Is the force of gravitation at a 
maximum ? Draw a curve, having distances along 
a radius from the centre of the earth as abscisss, 
and force of gravitation as ordinates. 


Fic. 1.—(GRAVITATION.) 


The yravitative pull of one particle on 
another follows a law similar to that regulating 
the pull between two charged particles or two 
magnet poles : in other words, the pull between 
two particles varies directly as the product of 
their masses, and inversely as the square of the 
distance separating them. The pull of a large 
spherical mass on unit mass placed outside it 


ЕС. 2. —(GRAVI(ATION.) 


varies inversely as the square ot the distance 
from the centre of the sphere to the unit mass. 
Hence the force of gravitation at any point 
outside the earth varies inversely as the square 
of the distance of the point from the centre of 
the earth, and is thus represented by the curve 
AB, Fig. 2. 

The attraction of a hollow spherical shell on 
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unit mass placed anywhere within it is equal to 
zero. This can be proved as follows :— Let A, 
Fig. 1, be a point within the shell. From A 
draw numerous lines produced to cut the shell 
on both sides, thus enclosing a double cone. 
The base of either cone is directly proportional 
to the square of the altitude of the cone, and 
therefore the masses of matter cut off from the 
shell by the two cones are proportional to the 
squares of the respective altitudes of the cones. 
On the other hand, the attraction at A due to unit 
mass of the matter cut off by either cone is 
inversely proportional to the square of the 
altitude ; consequently the resultant pulls on a 
unit mass at А, due to the matter cut off by the 
bases of the two cones, just neutralise each 
other. Since the whole of the shell may be 
divided up by means of cones similar to those 
shown in Fig. 1, it follows that the resultant 
pull of one half of the shell will just neutralise 
the resultant pull of the other half of the shell 
on unit mass at À. 

Thus, in descending into the earth, the force 
of gravitation due to the shell through which we 
descend is equal to zero, and the resultant pull 
of gravitation is that due to a sphere, of which 
the radius is the distance of the point of ob- 
servation from the centre of the earth. The 
mass of matter containcd in this sphere varies 
as the cube of the radius, and therefore the pull 
due to this sphere varies as the cube of the 
radius divided by the square of the radius, 7.e., 
the pull is proportional to the radius. Thus, at 
points within the earth, the pull of gravitation 
may be represented by the line CA, Fig. 2, and 
we see that the greatest pull due to gravitation 
occurs at the surface of the earth. 


PRACTICAL MATHEMATICS. —At corresponding 
high speeds of modern ships of the same class, if V 
is the speed In knots, D the displacement in tons, 
P the indicated H.P., T the time spent in a 
particular passage, C the coal consumed, 

V æ D’, P e ріу:, C œ PT. 
Show how P, T, and C depend on D alone. 

A eross-Atlantic steamer of 10,000 tons at 
20 knots crosses in 6 days, its power being 
20,000, using 2,520 tons of coal. What must be 
the displacement, the speed, the power, and the 
coal for a vessel which makes the passage in 
5 days ?— Board of Education, Practical Mathematics, 
Stage 111., 1904. 


To show that P, T, and C can be expressed 
merely in terms of D :— 


P e D! (D** огр" 
C e PT or D* T. 


Also, for a given passage, V oc x a 
RA | T ec D$, and T œ D7". 
C e Dix D^*or D. 
Thus P e Dt, 
C е D, 
Тер", 
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SECOND PART OF QUESTION. — Dispiace- 
ment. As proved above, D œ Т, 


6 
Hence M мы ($) = 2'986. 
10,000 5 


D = 29,860. 
. I x V 6 
Speed.—V <= т? me uu 
V = 24 knots. 


Power.—P « D'V3 = v*,vs- vi = (т) ' 
Р ey 
Mcr an) e358 
20,000 (: 3 $55 
Р = 71,700. 
6 
Coal,.—C ес De Ve (1) ; 


2 CE =(®) = 2°986 


2520 
C= 7,509. 


TOOTHED WHEEL.—State the principles which 
govern the design of wheel teeth. Sketch a form 
of tooth suitable for the spur-wheels connecting 
a pair of crushing rolls, each 18 inches diameter, 
when the distance between them is liable to be 
varied from 0-2 inch. The pitch to be as nearly 
4 inches as possible when the rolls touch. 


ЕС. 1. FIG. 2. 
(TOOTHED WHEEL.) 


A pair of gear wheels is simply a substitute 
for a crossed belt-drive, with the centres of the 
pulleys near together. Fig. 1 indicates the 
arrangement when the surfaces of the pulleys 
do not touch, and Fig. 2 when they touch. 

If there is to be no slipping of the belt, then 
the belt and the surfaces of the pulleys must 
move at the same speed, and in consequence the 
circles in Fig. 2 will appear to roll upon one 
another, contact between them always taking 
place at C on the line of centres. Let a and B 
be their angular velocities, thena x ca = В x ёс 
= common velocity of circumferences of circles. 
These are called pitch circles, and their point 
of mutual contact (с) is called the pitch point. 
Hence. the radii of the pitch circles are inversely 
as thetr angular velocities. 


The same holds for Fig. 1, for if eg and sf 
are radii drawn perpendicular to the common 
tangent sg, the angles at s and g are right 
angles, and the angle sf is equal to the 
opposite angle efg; thus the triangles are 
similar, and 


a sf ff 
hence if two circles (shown dotted) be drawn 
from e and / as centres, and passing through 
the point 2, in which the tangent cuts the line 
of centres, these circles are the pitch circles, 
and behave in every way as those in Fig. 2. - 

If a tooth on one 
wheel gears with a 
tooth on the other, 
then the curve of one 
must be the envelope 
of the other during 
contact. For, suppose 
one wheel to be fixed 
(say the lower one), 
and let the other move round it, the 
distance between their centres being constant. 
In Fig. 3 the different positions of a tooth on 
the upper wheel are shown; the lower tooth 
contour touches all these curves, and is there- 
fore their envelope during contact. 

In Fig. 4 the pitch circles are shown, the 
lower one being still 
fixed. The teeth are 
in contact at ғ, as at 
this point one tooth 
cannot penetrate the 
other, ‘heir speeds 
along the common 
normal to their sur- 
faces at the point of 
contact must be egual. 
But the lower tooth 
was assumed for the | 
time being to befixed; Fic. 4.—(TOOTHE 
hence the speed of both WHEEL.) 
along the common 
normal must be zero ; that is, the upper tooth 
can have no velocity along the normal, but only 
perpendicular to it, and hence it must turn 
about some point in the common normal; or 
in other words, the common normal must pass 
through the point about which the upper circle 
is instantaneously turning, and which is the pitch 
point 5. Hence the common normal at the 
point of contact of two teeth must always pass 
through the pitch 
point, 

The above conditions 
may be satisfied by 
making the tooth / 
contours parts of an | 
epicycloid and a hypo- \ 
cycloid. Thus in Fig. 5 
letthe pitch circlestouch 
at 2, and a third circle, 
with the centre indi- 
cated, touch the pitch 
circles at 5, so that the 
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three circumferences rolltogether without slipping. 
A point г on the small rolling circle will move 
along the arc #2, and during that motion will 
trace on the lower wheel the epicycloid c 7, 
because the rolling circle rolls on the lower pitch 
circle. Similarly the same point 7 will trace the 
hypocycloid # < on the upper wheel for the same 
reason. Also the curve сг must be in contact 
with the curve #7 at the point z wherever it 
may be, because 7, the generating point, is simul- 
taneously generating both curves. Note that in 
this case the pitch circles are continually in 
contact at the pitch point, as in Fig. 1, and 
hence the angular velocities of the wheels must 
be inversely as their radii. Also that the 
generating point is continually turning round 
the pitch point relative to either wheel; and 
therefore the common normal must pass through 
the pitch point. The path or locus of the point 
of contact of two teeth in gear must be the path 
of the generating point, which is an arc of the 
rolling circle. 

Another arrangement which satisfies the main 
conditions above is that in which the path of 
contact, and consequently the path of the 
generating point, is a straight line passing 
through the pitch point. The generating point 
in this case traces out the involute of a circle on 
each wheel. These circles are called dase circles 
and are shown by full lines in Fig. 1. That the 
contours must be involutes can easily be seen if 
one wheel is assumed to rotate round the other, 

i which may be fixed. 
Then the tracing point 
is on a band which 
gradually unwraps from 
a base circle, which 
is a definition of an 
involute. 

One of the chief 
features of involute 
teeth is that they admit 
of the wheel centres 
being moved apart 
without altering the 
velocity ratio ; for the 
same contours will be 
described by the generating point whatever be 
the distance apart of the centres, the actual 
curves depending only on the base circles; 
hence, where the distance apart of wheels is 
variable, such as suggested in the question, 
involute teeth should be used. 

It is customary to arrange the inclination of 
the locus of contact with the tangent at the 
pitch point about 153°. This locus touches the 
base circles, and hence the base circles can be 
drawn to scale; one is shown in Fig. 6 at å. 
The thickness of a tooth and the corresponding 
width of space at the base circle is usually made 
equal to half the pitch, and in this case will be 
2 inches. The usual height above the pitch 
circle (2, Fig. 6) is 0'32 of the pitch, or 1728 
inch. Depth of tooth below pitch circle = 0°37 
of the pitch, or 1°48 inches, say 1'5 inches. 

The involute can now be drawn together 
with the outline of the tooth, as shown in 


F1G.°6.—(TooTHED 
WHEEL.) 


289 


Fig. 6; the flanks below the base circles 
being radial. On separating the centres of the 
wheels by % inch, it will be found that two teeth 
will be in contact for rather more than the pitch, 
and hence the wheels will gear satisfactorily 
when separated as suggested. It may be 
advisable to lengthen the teeth about + inch 
to procure a slightly longer arc of contact. 
The reader should consult Professor Unwin's 
* Elements of Machine Design," for a thorough 
investigation of this subject. 


HYDRAULICS. —Eight thousand gallons an hour 
have to be discharged through each of six nozzles, 
and the jet has to reach a height of 80 ft. If the 
water supply 15 14 miles away, at what elevation 
above the nozzles would you plaée the required 
reservoir, and what would you make the diameter 
of the single supply main? Give the dimensions 
of the reservoir you would provide to keep a 
constant supply for six hours. 


48,000 


48,000 gals. per hour = 7——- gals. per sec. 
B P 3,600 8 р 


_ 48000 т 
~ 3,600 ^ 6:25 

The velocity of the water through the main 
must not be great, or the loss of head due to 
friction will be great ; at the same time, if the 
velocity is very small, the diameter of the pipes, 
and consequently their cost, will be excessivc. 

It is customary to allow the velocity in long 
mains to be 3 ft. per sec. If 4 = diameter of 
pipe in feet, then the volume of water dis- 


= 2°13 cub. ft. per sec. 


charged per sec. must be 3 x i cub. ft. ; 


hence 21353 х= x d', 


or d = 0'95 ft. 
= II} in. 
The loss of head due to friction 
y? 


. / 

RUN QU 2g 
/ being the length of the pipe. Substituting for 
/, d and v, we obtain 35°3 ft. as the loss of head 
due to frrction, and this is the extra height 
above the 80 ft. of jet at which the reservoir 
must be placed so that the required velocity 
may be given to the water to reach the height 
of 80 ft. Total height above jet = 35 + 80 = 115. 
But valves, bends, etc., must be introduced to 
control the supply, and these cause extra 
resistance of the same nature as friction. 
Without further data this cannot be calculated, 
but it would be safe to allow another 5 ft. of 
head to cover these losses, making the total 
elevation of the base of the reservoir above the 
jets 120 ft. 

The necessary volume of the reservoir must 
be the number of cubic feet occupied by 6 times 
48,000 gallons, or 

6 x 48,000 
6: 25 

If the reservoir were 10 ft. deep, then the 

mean horizontal surface of the water must be 
2 Р 


— 46.000 cub. ft. 
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4,600 sq. ft., or, say, 100 ft. x 46 ft. ; or if 5 ft. 
deep, the area must be 100 ft. x 92 ft. 


HAND CRANE.— From the dimensions given in 
the accompanying diagram, find the greatest load 
W that can be suspended from the end A? The 
material is mild steel. The frame is supported by 
angle brackets, which are assumed to be strong 
enough for the work required. 


Fic. 1.—(HAND CRANE.) 


From an inspection of the sketch it would 
appear that the stress will be greatest at the 
point E, or in the strut AD. Let us first con- 
sider the strength at the point E. 


Let Z = the section modulus in inches’, 
Let / = the maximum safe stress on the ex- 
treme fibres of a beam or cantilever. 


The bending moment at E = W tons x 6ins. 
For a round iron bar of D inches diameter 
Z= 3: D’, or approximately ,'; D’. 


When D = 2 ins., Z = 45; ins*. 

For mild steel f = 7 tons per sq. inch. 

Since bending moment = moment of re- 
sistance, 


OW =Zf, 
6 W sery ; 
IO 


We see, therefore, that a load of rather less than 
a ton will bring the stress at E up to 7 tons per 
square inch. 

Let us now ascertain what load will be 
required to stress the strut A D upto its working 
limit. 

Let / = the clear length of the strut = 52 ins. 

approximately. 
its diameter in inches = 2 ins. 
а = 26. 
a constant depending on material. 
a constant depending on form of pillar. 
f = the crippling load on a strut or pillar 
in tons per sq. inch. 


For struts with fixed ends, Gordon's formula 


a 
dsf- (4v 
+015) 


Sa da 
ПИН 


z or 
1+ bm? 
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For mild steel а = 20. 
І 


For solid round bars 6 = 2:5 
"X 
Е m? 
2500 
т? = 676 .'. f= -—— ЕТ 
2500 
= 20 х 2500 = $ 1 
uir ^ 15'8 tons per sq. inch. 


Using a factor of safety of 6 to allow for any 
initial lateral distortion. of the strut due to 
previous rough usage, the working stress will be 

1578/6 = 2°63 tons per sq. inch. 

The area of a 2-inch diameter bar = 3°14 
Sq. ins. 

The total safe load on the strut 

= 2°63 tons per sq. inch x 3°14 sq. ins. 
= 8°3 tons. 

This is the maximum safe load on AD. We 
now require to find what load on W will produce 
8:3 tons оп A D. 

Take moments about the point C, z.e., the 
intersection of the vertical and horizontal bars. 
For equilibrium, 

8°3 tons x 26 ins, = W tons x 49 ins. 

. 83x 26 _ 
49 

We see then that the frame is more likely to 

fail at E than between A and D. 

Let us now try the resistance to shearing 
of the two pivots. These pivots аге 1} inch 
diameter, and at 5 tons per square inch the 
resistance of each to shearing = 8°8 tons nearly. 

The clockwise couple 

| = W tons x 49 ins. 

The anti-clockwise, or resisting couple, 

‘= 8:8 tons x 4o ins. 
For equilibrium, W x 49 — 8:8 x 4o, 
“We 8:8 x до 
49 
= 72 tons. 

We see then that E 1s still the weakest point, 
and will therefore govern the maximum load 
which can be hung from A. 

It should be borne in mind that if a weight Z 
be lifted by means of a single simple pulley 
block with a vertical and downward pull, the 
total downward pressure will be 2 Z ; but as the 
question simply gives a single pendant load, we 
have taken no account of how W is made up. 


— 4'4 tons. 


TRANSFORMER. —If the primary terminals of a 
transformer are*connected to an alternating cur- 
rent supply, explain what becomes of the electric 
energy supplied to the transformer. (а) If the 
secondary circuit is open; (b) If the secondary 
circuit is closed through a resistance, such as а 
number of lamps in parallel. — M. 4. Honours, 
R.U.L,, 1902. 


In giving a brief reply to this question the 
information given in J. J. l'homson's “ Ejements 
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of Electricity and Magnetism ve Transformers” 
will be assumed to be known, and the following 
notes refer to the practical working of a trans- 
former rather than to the mathematical theory 
of the transformer. When the secondary is on 
open circuit, the action of a transformer is the 
same as if the secondary circuit were removed: 
the primary impressed pressure has simply to 
overcome the resistance of the primary circuit 
and the self-induction set up, and to supply the 
current required to magnetise the core. The 
work done is therefore equal to the energy 
spent, from instant to instant, in heating the 
primary circuit and the core of the transformer. 
The former is equal to (Cj? Rj) watts, where C, 
is the primary current, and R, is the resistance 
of the primary windings, and the latter—known 
as the iron losses— is made up of the hysteresis 
and eddy-current losses. If W; denote the iron 
losses, then 


V6 2 £2 
Wi: = volume x {27 Banz Pf Brats 


С e} watts, 
IO' 10!5 


the volume of the iron being given in cubic 
centimeters ; 7 is the hysteresis co-efficient 
(= o'0024), f 15 the frequency, B is the flux- 
density, and / is the thickness of the laminations 


in mils, The power supplied is therefore 
n = "in * B 
= СК, + voz J + = | 


if V is the volume of ie iron traversed by the 
magnetic flux in cubic centimeters. 

When the secondary circuit is closed, the 
effect is the same as if the apparent self-induction 
of the primary circuit were diminished, whilst 
its resistance is increased. This enables a larger 
current to traverse the primary circuit: the 
energy absorbed is that required to make up the 
losses in the primary and secondary circuits, 
and the iron losses, together with the power 
absorbed by the lamps inserted in the secondary 
circuit, If P denotes the useful power absorbed 
by the lanıps, and C, is the secondary current, 
while R, is the resistance of the secondary 
windings, then the power supplied to the primary 
circuit is 

P, {CF R, + C,?R,} 


16 2 £2 N? 
+ vi bir { / pus) + P 
107 10" 
= copper losses + iron losses 
| power absorbed } 
+ 
by the lamps. 

It may be mentioned that the iron losses are 
constant, and therefore represent a permanent 
amount of dissipation of energy so long as the 
transformer is connected to the supply circuit, 


whatever may be the magnitude of the secondary 
current. 


CALCULUS. — Prove (geometrically) that the area 
of the greatest ellipse inscribed in a given triangle is 


T 
4/2 


of the area of the triangle. Find the area of the 
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least ellipse circumscribing the same triangle.— 
(Williamson's Differential Calculus, page 165.) 


Project the given triangle orthogonally into 
an equilateral triangle, then any ellipse inscribed 
in the given triangle will be projected into an 
ellipse (generally speaking) есы in the 
equilateral triangle. 

Then 


area of ellipse _ 
area of triangle 
The area of the ellipse will therefore be 
greatest when the area of the projected ellipse 


is greatest, and this will happen when it is a 
circle. But the ratio 


area of circle 


area ^a of circumscribed equilateral triangle 


area of projected ellipse 
area of equilateral triangle. 


л 


/27 
which is therefore the ratio of maximum ellipse 
inscribed in a triangle to the triangle. 

The second part of question is similarly 
answered. On projecting the triangle and any 
circumscribing ellipse into an equilateral tri- 
angle and another circumscribing ellipse we see 
that the projected ellipse will have minimum 
area when it is a circle. 

Hence 


area of minimum ellipse 


area of triangle 
area of circumscribing circle 
arca of equilateral triangle 


_ 4T 


[For one learning the calculus, it is a mistake 
to spend much time on such geometrical 
problems.] 


A. J. S. —From the equation 
2 
a a 


"9 Е 7 А 
ема? - atx + А 42x - Adr = 4 
2 
Find the value of a. 


6 : 


lfa is a real n then the given equation 
is meaningless, for when t = o 


2xr—17 м —1 : 
similarly, on performing the second integration 
we obtain 


yp- -(-0 
and the only real value of a which makes this 
quantity real is zero. 


RAILWAY CARRIAGE. —The enclosed sketch isa 
structure of shape and dimensions given. І shall 
be glad if you will please ascertain the stresses 
which occur in all the members, when it is loaded 
in the various ways specifled (see Fig. 1). 


The drawing you submit apparently repre- 
sents the under-frame of a railway carnage, 
but you do not give several of the essential 
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particulars ; for instance, it is necessary to know whether the 
buffing and drawgear are independent of each other, and it is also 
necessary to know the distance between the centres of bogies. In 
the following reply we shall assume that the buffing and drawgear 
are independent, and that the bogie centres are 37 feet apart. 


(a) 


(2) 
el 


------------------------<-----------------52'0'/ояў -------------------------------------------з-з» 


» 


FiG. 1.— (RAILWAY 
CARRIAGE.) 


бо tons at W, 50tons at Z. 
50 tons at W, 50 tons at X. 
50 tons at Y, 50 tons at Z. 
50 tons at W, 25 tons at Y. 
25 tons at Z. 


The stresses are too various, and the 
frame is too complex for an exact 
solution, for it is no exaggeration to s:ty 
that the frame could be fitted. together 
in less time than it would take to make 
the necessary calculations. 

Fortunately, a working solution, which 
15 demonstrably on the safe side, may be 
obtained quite readily by making the 
same assumptions as are made by the 
designers of bridges. These assumptions 
and methods of attack are as follows :— 

1. Neglect the stiffness and rigidity 
afforded by the joints, and assume all 
joints to be hinged or pin-connected. 

2. Omit the redundant members in 
each stress diagram. 

3. Do not attempt a solution of the 
complete structure, but split it up into 
parts; for instance, the stresses on all 
portions between the bogie centres and 
the headstocks may be taken out 
separately. 

4. Within reasonable limits, place the 
actual loads, or place equivalent loads, 
in such positions that the application of 
Бтр Са methods is rendered possible. 
For example, although the end pressures 
act on the headstocks at a point between 
the solebar and the end diagonals, we 
may first make a series of calculations 
on the assumption that the pressures 
come directly in a line with the solebars, 
and then make a series of calculations 
on thc assumption that the pressures are 
transmitted solely along the end diagonals 
and the intermediate longitudinals. 

5. Remember that members which 
are redundant for certain conditions of 
loading may not be redundant for 
altered conditions. For example, the 
diagonal flat bars, which are assumed 
to be idle when the pressures are at W 
and X, are not idle when the pressures 
are at W and Z. 

Before getting out a diagram of 
stresses, it is necessary to determine 
what external forces are acting on the 
structure to prevent translatory motion, 
and rotary motion round any point. 

For example, when there is a pressure 
of 50 tons at W and 50 tons at Z, the 
frame would twist round if it were not for 
the side pressure of the rails, which is 
transmitted through the bogie bolster. 

Assuming that the end pressures are 
coincident with the centre lines of the 
solebars, and assuming that the centres of 
solebars = 6°83 fect, the lateral pressure 
will be 

50 tons x 6°83 feet _ 9.5 tons, 
37 feet 
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Qum xp( xo t E) yy- 20 +») 


By combining a force ot 50 tons with a normal 
force of 9'2 tons we get a diagonal resultant of 
about 51 tons (Fig. 2). 

The stress diagram given neglects the stress 
beyond the bogie bolsters, as these can be seen 
by inspection. 

When the loads are 25 tons at each of the 

oints W,X,Y,Z, the stresses may be assumed as 
follows = 

Solebars, 124 tons each ; intermediate longi- 
tudinals, 12; tons each. Stresses on diagonal 
flat bars, nil. Stresses on each end oak diagonal, 
rather more than 12; tons, say about 13. 

With 50 tons at X, 25 tons at Y, and 25 tons 
at Z the stresses will be the same as for 25 
tons at X and 25 tons at Z, with an additional 
25 tons compression along the solepar WY. 

The query does not make any reference to 
the beam stresses caused by the weight of the 
carriage body or the pull of the truss rods, but 
it should not be forgotten that these erther sag 
or hog-back the underframe, and when the 
compressions from collision or buffer pressures 
occur, they occur on members which are not 
mathematically straight. 


TETRAHEDRON. -- Through the middle point of 
every edge of atetrahedron a plane is drawn 
perpendicular to the opposite edge ; show that the 
six planes so drawn will тезі in a point such that 
the centroid of th» tetrahedron is midway between 
"it and the centre of the circumscribing sphere. —- 
C. Smith's Solid Geometiy, page 34, Ex. 3. 

Take the centroid О as the origin of rectan- 
gular co-ordinates, and let 


(2 у 21), Q0 22 (т, Va 34) 
be the co-ordinates of the four vertices 1,2, 3, 4. 


4 


7 


Then, since the centroid is the same as for 
four equal particles placed at the vertices, 
we have 

K+ X+43+47,= О; 
and similar equations for the y’s and 2’s. 

The equation to any plane through the mid- 

point of 12 is 


P( - 1471) c( At 
2 Ti 2 ) 


+R(s- 272) о 


where Р, Q and К are proportional to the direc- 
tion cosines of the perpendicular to the planc. 
This perpendicular must therefore be parallel 
to 34, whose direction cosines are proportional 
tO 3, — hy. уз Yis 23 7 £,. 
Hence the equation to the plane through the 
mid-point of 12, perpendicular to 34, is 
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2 2 


+ (2; — 2,) (= ALE = E о. 


Now ху + 2, = — (ау + 2, ete. 
Hence equation to our plane is 


бузар (+ а) Р А 


and the equation to the other five planes can be 
at once written down by changing the suffixes, 
Let a,, denote 
= [x p ITI 23 x) 


2 2 2 
(the constant term of the equation to the plane) 
then for the three planes |"to the edges 34, 
41, 12 we can write down their point of inter- 
section in determinants, 2/2, 


№. х = аз, Уз— Yy z,— 2, | 
ai, YT Yi кш 
| ais У,—у„, 2817 25 


E a E 
рн, Уз Уһ ®у— % | 
Where A = [44-4 TIn 20 21 
| Vp am Uy У-у 21742, 


If we add a, to ay, we get 
2: 200.2 2 2 2 „2 
x ( Жаз Ае ра УР ETE fefe) 
"” 


which is а,. 

Hence, by adding the first two rows in the 
determinants to a new first row we get the + 
fur the intersection of the pl nes perpendicular 
to the edges 31, 41, 12. We see then that we 
get the same x for the intersection of the six 
planes taken in groups of three. 

By writing down the determinants equal to 
A. y and A.Z we see that the six planes inter- 
sect in one point. 

И we draw a plane through the mid-point of 
34 and perpendicular to it, every point in that 
plane will be equidistant from 3 and 4. Hence 
six such planes must intersect in a point which 
is the centre of the circumsphere of 1 2 3 4. 

The direction cosines of the perpendicular to 
the plane |"to 34 are x, — 2, etc., and the 
equation to the plane through the mid-point is 


Ce x) (2 = а 19 + ес... . = о. 


. Writing down the cquation to two such planes 
1" to 41 and 12, the constant terms for the 
three equations are seen to be 


= ац, 7 04, 7 аро, 

Hence the determinants giving the co- 
ordinates of the centre will only differ in sign 
from those previously obtained. 

lt then X, Y, Z, be the co-ordinates of centre 
of the circumsphere, we have our old 


x=—-NX 
VERY 
z=-Z; 


or the origin is mid-way between the first point 
determined and the centre of the circumsphere. 


То the Editor of T ECHNICS. 


SIR,— May I be permitted to call attention to 
the fact that in some of the “Answers to Queries" 
which have appeared from time to time, slight 
errors have occurred Thus in the answer to 
Combustion, Vol. Il., page 505, the heat of 
combustion of 1 gram of carbon is given as 
8000 calories ; from this it is evident that the 
heat of combustion to CO, is meant, whereas in 
the answer it is taken to be СО. If this change 
is made it will be found that oxide of sodium 
can be reduced by carbon, whether the oxide be 
taken as Na4,O or Na,O,. 

Again, in the various answers to constitutional 
questions, it is sometimes stated that “there is 
no evidence to distinguish with certainty be- 
tween the two formula given? ; which one would 
take to mean that there is as much evidence for 
the one formula as for the other. Thus in the 
answer to Theory, Vol. l., page 505, the two 
formule given for Na,S,O, are 


Q7 “5 ма sa” ona. 


In this case the balance of evidence scems to 
me to be in favour of the first formula. It is 
only by means of this formula that one can 
explain :—(1) The ready formation of PbS by 
heating up Pb5,O, in the presence of water. 
The S is combined with the Pbin PbS, and this 
is presumably also the case in PbS,O,, which 
will therefore have the constitution 


i didis T 


(2) The formation of sodium tetrathionate trom 
Na,S,0, and lodine. It is the S which permits 
of the formation of such complexes and the con- 
stitution of the tetrathionate is in all probability 


eS E i gee 
om s NC cid Ou , 


О 
hence the constitution of Na,S,O,. 

In face of evidence of this kind it seems to 
me that the above quoted statement should be 
changed to “‘the balance of evidence is in 
favour of the formula 


Q^ "ема, 

but it cannot be proved with certainty.” 
Similar remarks may apply to Н-О-О-Н 

or H—O=O-H in preference to 


H 

9 
О= 0 

H^ 


as the formula for H,O,, (Vol. I., page 505) ; 
and also to 


in preference to 


TES 

O Na 
_ om 
О = 55 


as the formula of sodium sulphite (Vol. II., page 
505), although in the case of the free sulphurous 
acid the problem is still unsolved. 
Yours sincerely, 
T. SLATER PRICE. 
Municipal Technical School, 
Suffolk Street, 
Birmingham. 


Jo the Editor of TECHNICS, 


DEAR SIR,—With regard to the books you 
recommend for mechanics I would like to 
suggest the following as an alternative :— 


Solids, Stage II. 


Love's “Mechanics,” or Routh's “ Analytical 
Statics.” Part I. -> | 

Routh's * Dynamics of a Particle," and, in 
default of lectures on attractions and rigid 
dynamics, Routh’s ‘ Analytical Statics.” 
Part 11. (Section on Attractions). 

Routh’s “ Elementary Rigid Dynamics.” (First 
three or four chapters.) 


Fluids. Stage ПТ. 
Besant’s “ Treatise on Hydromechanics." Part I. 
Greenhill’s Hydrostatics, in my opinion, is not 
suitable as a text-book ; it is more a mine of 


wealth for the accomplished mathematician or 
the man with a strong engineering bias 


Honours, Solids and Fluids. 


Routh's “Analytical Statics.” Vols. I and II. 
Routh's * Rigid Dynamics.” Vol. I. 
Routh's “ Dynamics of a Particle.” 


Bassets “ Elementary Treatise on Hydro- 
dynamics and Sound.? | 


In addition, the student shovld, if he wants 
his theoretical knowledge to be any good at all, 
read Poynting and Thompson's * Heat, Sound 
and Properties of Matter," and work through 
Perry's " Applied Mechanics." 

Yours faithfully, 

Technical College, J. M. CHILD. 

Derby. 
9th February, 1905. 


“ Technics ” Prizeman 


To the Editor of TECHNICS. 


DEAR SIR,—No satisfactory explanation has 
yet bcen given of the resonance produced by the 
body of a violin. Clearly the definite volume of 
air contained between the belly or sounding- 
board and the back of the violin cannot be the 
cause of the resonance, because many experi- 
ments, that of organ pipes for instance, prove 
that a given column of air can only resound to 
one pitch or a multiple of that pitch. 

The body of a violin resounds equally to all 
pitches. | 

Imagine a violin with the back removed. The 
vibration of the strings is communicated to the 
belly through the bridge, and sound-waves are 
given out in all directions. Now the waves 
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produced by one surface of the belly are opposite 
in phase to those produced at the other, and 
they must tend to neutralise one another. Re- 
place the back and the sound-post. (The sound- 
post is a small piece of wood placed inside the 
violin, touching the belly and the back, and 
transmits the vibrations of the belly almost 
instantaneously to the back.) The two surfaces 
causing sound-waves in the air are now some, 
distance apart, the interference would not be so 
great and the sound much louder. If you will 
publish this letter perhaps some of your readers 
will give me their opinions on this subject. 
Yours faithfully, 

* Claremont,” G. H. BERRY. 

Woodberry Down, 
London, N. 


31st January, 1905. 


"TECHNICS" PRIZEMAN. 


Award of * Technics" Prize of £200 and Gold Medal. 


IN the first number of TECHNICS (January, 1904) it was announced that the competitor who 
showed the most care, thought, and accuracy during the year’s competitions would receive a 


Prize of £200 in cash together with a Gold Medal. 


On carefully going through the answers 


submitted by the various competitors during the year, it has been decided that the Prize shall 


be awarded to— 


Mr. SAMUEL LEES, 1, Trafalgar Street, Broughton, Manchester. 


Mr. Lees has obtained four First Prizes 
(including one prize equally divided between 
two competitors), one Second Prize, and one 
Third Prize, together with six Special 
Honourable Mentions. The answer which 
obtained each first prize was not only the 
best sent in for the particular competition, 
but also witnessed to exceptional ability. We 
must heartily congratulate Mr. Lees on the 
result of the year's competitions. 


Several other competitors have also shown 
exceptional ability. Mr. H. H. Francis 
Hyndman has obtained three First Prizes, one 
First Prize divided, and ten Special Honour- 
able Mentions. 


Мг. J. E. Tytler obtained three First Prizes, 
one First Prize divided, and four Special 
Honourable Mentions. 


Mr. Percy Robinson obtained three First 
Prizes. 


Mr. Harold Slicer obtained two First 
Prizes, both divided, one Second Prize, and 
one Third Prize, together with eight Special 
Honourable Mentions. 


Mr. P. E. Banting obtained four First 
Prizes and two Special Honourable Mentions. 


Mr. B. J. Eaton obtained four First Prizes 
for papers possessing exceptional merit, on 
subjects connected with chemical industries, 
and one Special Honourable Mention. 


Mr. S. Irwin Crookes obtained two First 
Prizes and seventeen Special Honourable 
Mentions. 


In addition, the following competitors 
obtained successes which call for recognition : 
A. W. Brierley, L M. Chippendale, Frank S. 
Eaton, Arthur Gadd, Edgar P. Hedley, А. G. 
Lee, C. E. Savage, William J. Williams. 


HE firm of Messrs. Graham, Morton & 

Co., Ltd., Hunslet, Leeds, has achieved 

a notable result in erecting, within the 

short space of eight weeks, a complete 

Coal Screening Plant, comprising Screen- 

House, Tipplers, Jigging-Screens, Pick- 

ing-Belts with Lowering Arms, Raising and Lowering 

Gear with Balance Weights, Slack Creepers with 

Structure, and Gantries for conveying the tubs to and 

from the screen-house. Altogether an area of 21,300 

feet was covered. This work was done for Messrs. 

J. & J. Charlesworth, of Kilnhurst Colliery, near 

Shefheld. At this colliery the conveying, elevating, 

washing and screening of the coal was previously per- 

formed partly by hand. The arrangement. installed 

by Messrs. Graham, Morton & Co, performs all the 
above operations practically automatically. 

Wer have also received from Мем. Graham, 
Morton & Co, Ltd., an illustrated catalogue 
describing various coal-loading and unloading plants, 
elevating and conveying plants, aerial rope-ways and 
transporters. The same firm inform us that they have 
just obtained an order from Messrs. Jonathan Barker 
& Co., Esholt, Shipley, for the installation of an 
overhead tram rail. By the introduction of this 
plant it has been estimated that a saving will be 
effected sufficient to pay for its installation. within 
а year. | 

Messrs. Hodkin & Jones, Ltd., of Havelock Bridge 
Works, (Queen's Road, Sheffield. have forwarded us 
an interesting. catalogue describing and illustrating 
their corrugated bar system for fire-resisting floors. 
This system has obvious advantages when compared 
with others in which I joists are used : in the first 
place the cost is somewhat less, in the second. place 
the resulting structure is better calculated to withstand 
the effects of fire, апа in the third. place a minimum 
amount of iron is used. In future numbers of TECH- 
nics we hope to deal with the subject of Ferro- 
concrete. Construction, which forms one of the most 
promising advances made in recent years in connection 
with structural work. 

THERE are many industries in which it is important 
to beable to measure high temperatures with consider- 
ableaccuracy. In chemical works these measurements 
are necessary to control the temperatures of vats, stills 
and furnaces. In connection with annealing furnaces 
such measurements are no less necessary, although in 
past times temperatures were estimated merely by the 
judgment of the fireman, and. batches of castings or 
stampings were frequently ruined. Hardening fur- 
naces, dust destructors, and many other technical 
processes also require the measurement of high 
temperatures with accuracy. On the other hand, cold- 
storage systems require, no less urgently, apparatus 
for measuring low temperatures. The Cambridge 
Scientific Instrument Co. have forwarded us their 
catalogue dealing with Technical Thermometry. The 
Callendar & Griffiths Resistance Thermometers are 
perhaps the most accurate, since by their aid any 
temperature, from the lowest obtainable in practice 
up to 1,400°C., can be measured with an error not 
exceeding O° 5 per cent. 

Misses. Schatter & Budenberg, Ltd., Whitworth 
Street, London Road, Manchester, have forwarded us 


particulars of a standard micrometer which should be 
of much use to manufacturers of paper, cloth, paste- 
board, leather, indiarubber, etc. It will measure 
with precision the thickness of any substance ranging 
from 1” down to one two-thousandth part of an inch. 
The same firm also make a portable gauye-tester, 
which should be widely used. Boiler inspectors are 
now required to assure themselves that steam-gauges 
used in connection with boilers are in correct working 
order. This result can only be obtained by testing 
the gauge against a standard. There are two portions 
of a gauge's range which are most likely to prove in 
error, and these are precisely the portions where 
accuracy 1S most necessary : one is at zero, and the 
other between the usual working limit and. the end of 
the gauge-scale. The gauge-tester made by Messrs, 
Schátler X Budenberg supplies the means for testing a 
gauge through the whole of its scale. 

MEssRs. Кгатоѕ, Ltd., Locksbrook Engineering 
Works, Bath, have favoured us with well-illustrated 
catalogues describing their high-speed electric drilling 
machines and also their patent electric resistance 
pieces. Their resistance pieces are of particular in- 
terest, as they combine all the advantages which can 
be claimed for wire or carbon resistances, with many 
other advantages which are entirely their own. ‘They 
are certain to be largely used in the construction of 
rheostats for large currents, such as are required in 
connection with searchlights, motor-starting resistances, 
and in many other cases, 

WE are requested by Messrs. Ferranti, Ltd., of 
Hollinwood, Lancashire, to draw attention to their 
new catalogues of alternating current ammeters and 
transformers. These are made in any size up to 6,000 
amperes, suitable for any voltage up to 15,000 volts. 
The ammeters are of the induction pattern, the only 
moving part being a small aluminium disc. There are 
no brushes or moving contacts, and the scale of the 
instrument is very long. 

THE Lancashire Dynamo and Motor Co., Ltd., 
Tratlord Park, Manchester, are now winding two 
induction motors of 360 h.-p. each. The speed is 
440 R.P.M., and the pressure is 10,000 volts per 
phase, the full pressure being applied direct to the 
stator winding without being transformed down. No 
other machines have been wound in this country with 
such a high pressure, namely, 14,000 volts between 
outers, equivalent to 17,300 volts on a three-phase 
alternator or motor with a star connection earthed. 
We hope to give particulars, with illustrations, of 
these machines in a future number of TECHNICS. 

MANUFACTURERS and others requiring steam motor 
waggons should apply to the Yorkshire Patent Steam 
Waggon Co., Vulcan Works, Hunslet, Leeds, for 
their catalogue of Steam Waggons. 

THE Lahmeyer Electrical Co., Ltd., are introduc- 
ing small three-phase motors provided with special 
ball-bearings. The smaller sizes, up to I h.-p., are 
provided with squirrel cage rotors; the larger sizes 
can be supplied with or without slip rings as required. 
These motors range from ф to 10-ћ.р., the speed of 
the smaller machines being 1,410 R.P. M. and that of 
the larger sizes being 960 R.P.M. All machines 
made by this firm are guaranteed. for one year against 
bad workmanship and faulty material. 
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HE remarkable development 
of Japan, which, in a few 
years, has raised that country 
from the position of a minor 
state to that of a power 
capable of successfully 
grappling with one of the. 

most formidable European nations, is 

certainly due to the attention which has 
there been paid to scientific 
and technical education. It 
is somewhat surprising, how- 
ever, to reflect that the progress made by 

Japan has been accomplished in little more 

than a quarter of a century. In 1878 a 

small band of British professors was invited 

by the Japanese Government to inaugurate 
courses of scientific education at the Uni- 
versity of Tokio; this band included Pro- 
fessor Ayrton, Professor Perry, and Professor 
Ewing. After five years it was found possible 
to select from the students of the University 
men who could in future carry on the scientific 
work of the college; nothing could speak 
more highly for the effectiveness of the 
teaching of the afore-mentioned professors 
than this fact. While in Japan, Professor 
Ewing carried out a number of those re- 
searches which have since rendered his 
name known to all interested in science: 
we refer particularly to his researches on 
earthquakes, and on the magnetisation of 
iron and other magnetic substances. From 

1883 to 18до Professor Ewing occupied the 

chair of Engineering at the University 

College, Dundee. From 189o to 19o3 he 

occupied the chair of Mechanism and Applied 

Mechanics in the University of Cambridge, 

and by his influence strove successfully to 

gain greater attention to applied science at 
the University. Since 1903 Professor Ewing 


Professor 


has held the post of Director of Naval 
Education at the Royal Naval College, 
Greenwich. Professor Ewing's contributions 
to science include a treatise on * Earthquake 
Measurements” (1883), “ Magnetic Induction 
in Iron and Other Metals” (1891), * The 
Steam Engine and Other Heat Engines” 
(1894), * The Strength of Materials" (1899), 
and numerous papers read before the learned 
societies. Perhaps one of the most beautiful 
researches carried out by Professor Ewing 
was that in which the magnetic properties of 
iron were explained by the aid of a model 
consisting of numerous small magnets pivoted 
on needle points. Reference was: made to 
this research. in the March number of 
TECHNICS (p. 252). 


Ir has been proved conclusively that wire- 
less telegraph signals can be transmitted to a 
greater distance during the night тр, 
than during the day; according « Daylight 
to Marconi, the greatest distance Effect” in 
to which signals can be trans- Pigh: 
mitted by day is only two-fifths < Ру 
of the distance to which they can be trans- 
mitted at night. At first sight this would 
appear to be a very extraordinary result, 
but recent investigations afford a very simple 
explanation of it. In wireless telegraphy, 
electric tubes of force are projected into 
space from the sparking apparatus at the 
transmitting station ; if these tubes of force 
reach the receiving station, they affect the 
coherer or other receiving apparatus in the 
manner described by Dr. J. A. Fleming їп 
the November number of TECHNICS (page 
447) Now,it has been proved that a heated 
body emits negatively charged particles (or 
electrons) each possessing about one- 
thousandth part of the mass of a hydrogen 
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atom. The sun, being at a high temperature, 
must emit these particles; some of these, 
when they reach the earth, strike against the 
gas molecules comprised in the atmosphere, 
and break these up into their constituent 
charged atoms. А single electron may 
dissociate a large number of gas molecules. 
Hence, in daylight the atmosphere contains 
numerous charged particles. If an electric 
field is established in the air during the 
daytime, the charged particles will travel 
along the tubes of force. 

Now, the electric tubes of force projected 
from a wireless telegraph transmitting station, 
as they pass through the atmosphere, will set 
the charged particles in motion; since the 
charged particles possess inertia, energy must 
be absorbed when they are set in motion, 
and hence the tubes of force must lose energy 
and finally disappear. At might time the 
charged particles emitted by the sun are 
falling on the opposite side of the earth, since 
they travel in straight lines, like light rays ; 
hence, at night the atmosphere is practically 
free from charged particles, and is no longer 
rendered conducting. About two minutes 
after sunrise the atmosphere has become 
saturated with charged particles, апа the 
absorption of the electric tubes of force 
has reached its maximum value. Since light 
consists of moving tubes of force similar 
to those utilised in wireless telegraphy, it 
might appear strange that light is not absorbed 
by the atmosphere ; but in this case, owing to 
the very short wave-length of the light waves, 
the field acting on a charged particle changes 
its direction about 4 X ro!5 times a second; 
therefore, the particle is not set in motion, 
just as no deflection is produced in a galvan- 
ometer by a quickly alternating current. In 
wireless tclegraphy the wave-lengths utilised 
average about зоо ft., or 9,000 cms., and the 
field at any point in the line of transmission 
is reversed about 6'5 X 1o? times per second. 


On January 24th Herr Fritz Blau read an 
interesting paper on the osmium lamp, before 
|. the JAfetrofechnische Verein of 
diga Berlin. The total energy radiated 
amp , 

рег second by a hot body is 
proportional to the fourth power of the 
absolute temperature of the body. ‘This 
energy is carried away by waves of all possible 
lengths ; if the energy is plotted as ordinates, 
the abscisse being the wave lengths, then 
the resulting curve shows a peak for a 
particular wave-length A,,, such that A,,T = а 
constant, T being the absolute temperature 
of the body. ‘Thus the wave-length which 
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carries away the maximum amount of energy 
is inversely proportional to the absolute 
temperature of the radiating body ; in order 
to obtain the maximum luminous efficiency, 
A, Should be equal to about o*6 micron 
(т micron = о”оот mm.), corresponding to 
the yellow-green part of the spectrum ; this 
is the case in sunlight, but such favourable 
conditions have not been obtained in any 
system of artificial illumination: in the arc 
light, A,, = 1'2 micron. It is obvious that 
increased luminous efficiency will attend. any 
increase in the temperature of the heated 
body, for the total amount of energy radiated 
increases, and a greater proportion of this 
energy will be carried away by wave-lengths 
which lie within the range of the visible spec- 
trum. Osmium, generally associated with 
iridium, is found in platinum ores, and also in 
gold sand with gold and silver. It is at present 
obtained by dissolving the platinum or gold 
in aqua regia, and alloying the insoluble 
residue with zinc, lead or tin; the osmium- 
iridium then passes into a finely-divided state, 


‚ and on being heated in oxygen, the osmium 


is converted into the tetroxide, while the 
iridium remains unaffected. Metallic osmium 
may be obtained by treating the tetroxide 
with any reducing agent. In making the 
first osmium filaments, Herr Auer von Wels- 
bach coated platinum wires with osmium, 
and then evaporated the platinum at a high 
temperature ; it was observed, however, that 
a platinum-osmium alloy was formed which, 
when containing more than 4 per cent. of 
platinum, began to melt while the platinum 
was being evaporated. In order to preventthis, 
the finished filament had to be made about five 
times as thick as the platinum core; as a 
uniform platinum wire less than о'о2 mm. 
could not be obtained, osmium filaments 
thinner than o: 1 mm. could not be made by 
this process. At present, osmium filaments 
are made by incorporating finely divided 
osmium in a paste made with organic binding 
material, and then squirting the paste under 
high pressure on to a card which is moved 
so that the filament is formed into loops of 
the requisite shape. The filament is then 
dried and heated in vacuo, when the organic 
matter becomes carbonised. It is then 
heated to an intense incandescence by an 
electric current in an atmosphere rich in 
steam, and containing a certain proportion of 
reducing gases ; the carbon 15 thus converted 
into the dioxide and monoxide, leaving a 
porous filament of nearly pure osmium. The 
osmium filament is fused to the platinum 
sealing-in wires in the. electric arc, Osmium 
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is brittle when cold, but soft when heated, so 
that the osmium lamp must be used in a 
definite position in order to prevent the 
filament from sagging. At first it was only 
possible to make osmium lamps for about 
37 volts, but soon 44-volt lamps were made, 
and at present 73-volt lamps are being sold. 
Quite recently 110-volt lamps have appeared. 
The life of the osmium lamp is not definitely 
known, but 5000 hours has repeatedly been 
exceeded. Lamps requiring only one watt per 
candle-power burn for several hundred hours 
without decrease of light, but in practice it is 
found to be more satisfactory to run them at 
Ij watts or more per candle-power. ‘The 
osmium filament is rather more liable to 
breakage than the carbon filament, but it has 
been found that, when the lamps are properly 
packed, the loss due to breakage in transit 
does not exceed тї per cent. Osmium lamps 
for mines, requiring only 2 volts, are very 
efficient. 


THE Siemens Electrical Pyrometer is a 
platinum resistance thermometer, of which 
the essential element is a coil of 

The platinum wire wound upon a 

Siemens А " 

Electrical Cylinder of refractory material, 

Pyrometer and protected by a long, closed 

tube. For measuring the resist- 
ance of the coil, in order to ascertain its 
temperature, two types of apparatus are 
made. 

The first comprises a differential galvano- 
meter and a set of resistance coils, and 
gives readings in ohms, from which the 
temperatures are ascertained. by means of 
a special table supplied with the apparatus 
(Fig. 1). 

The second is a combination of a small 
D'Arsonval galvanometer and a Wheatstone 
bridge of circular form with sliding contact, 
and gives readings directly in Fahrenheit or 
Centigrade degrees as desired (Fig. 2). 

The pyrometer is most accurate ; its read- 
ing can be depended upon to within a 
fraction of one per cent. It is also very 
simple in its action and management, and its 
working, and may safely be entrusted to the 
care of an intelligent workman. It finds 
special application in works where it is 
necessary to ascertain, from time to time, 
the temperature of the furnaces, flues, etc. ; 
particularly those in which the processes 
demand the maintenance of a definite tempe- 
rature during certain operations. 

The method of connecting up the pyrometer 
with the differential galvanometer is shown in 
Fig. т. Starting at the negative pole of the 
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battery, a lead runs to the terminal Z of the 
pyrometer tube, from which a wire extends 
to one end of the platinum resistance wire. 
At this point the circuit divides into two 
branches. One branch contains a wire run- 
ning straight back to the pyrometer terminal X’, 
whence a lead B extends to the measuring 
apparatus, and 15 connected, through a 
resistance-box and one coil of the differential 
galvanometer, with the positive pole of the 
battery. The other branch includes the 
platinum resistance wire, a wire running to the 


Fic. 1.—S1EMENS PYROMETER, CONNECTED FOR 
USE WITH DIFFERENTIAL GALVANOMETER. 


pyrometer terminal X, and a lead A extend- 
ing to the measuring apparatus, where it is 
connected, through the second coil of the 
differential galvanometer, with the positive 
pole of the cell. When the resistances of the 
two branches of the circuit are equal, equal 
currents will flow through the coils of the 
galvanometer when the key K is depressed, 
and no deflection will be produced. ‘The 
leads A and B from the pyrometer tube to the 
measuring apparatus are made of the same 
material and lie close to each other, so that 
their resistances are always equal, whatever 
may be their common temperature. The 
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showing Bridge connection 
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FIG. 2.— SIEMENS PYROMETER, CONNECTED FOR 
USE WITH WHEATSTONE BRIDGE ARRANGEMENT. 


(Zhe wire from terminal Z of the pyrometer tube is 
connected to left-hand end of platinum spiral.) 


two wires within the pyrometer tube are also 
similar in all respects, so that their resistances 
always remain equal. Thus it appears that the 
only independently variable resistances in the 
two branches of the circuit are the platinum 
spiral in one branch and the resistance-box 
in the other: the resistance unplugged in 
the box is thus equal to that of the platinum 
spiral when no deflection occurs in the 
galvanometer on depressing the key K. 

The direct reading instrument (Fig. 2) 
comprises a Wheatstone's bridge and the 
necessary leads to the pyrometer tube. 
Starting from the positive pole of the battery, 
a lead extends to the terminal Z of the 
pyrometer tube, whence a wire is connected 
to one end of the platinum resistance spiral. 
This junction forms one angle of the Wheat- 
stone's bridge lozenge (see small diagram, 
Fig. 2). From it extends а wire running 
straight back to the pyrometer terminal X;, 
whence a lead extends to an arm which 
makes contact with a helical coil of wire 
arranged round the edge of a circular dial, 
thus forming one arm of the Wheatstone's 
bridge. ‘The conjugate arm of the bridge 
contains the platinum resistance wire, a wire 
running to the pyrometer terminal X, and a 
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lead which extends back to the apparatus. 
The two remaining arms of the bridge are 
made up of equal and constant resistances, 
the galvanometer being connected up as 
shown. When no deflection is produced in 
the galvanometer on depressing the key, the 
two variable arms of the bridge must have 
equal resistances, since the resistances of the 
remaining arms are always equal; and since 
the two variable arms comprise equal leads, 
it follows that the resistance of that part of 
the helical coil thrown into the circuit by the 
contact arm must be equal to the resistance 
of the platinum spiral in the pyrometer 
tube. 

‘The apparatus described above is made by 
Messrs. Siemens Bros. & Co., of Woolwich. 


Many scientific problems present them- 
selves in connection with industrial processes 
which can scarcely be solved in 


the workshop, owing either to the ANC UM 
lack of a staff with the requisite — physical 


scientific skill and knowledge, or Laboratory 
to the absence of the necessary 
instruments of precision. In Germany the 
Reichsanstalt, the Versuchsanstalt, апа the 
Aichungs Kommission undertake the solution 
of these problems. In Paris a splendidly 
equipped laboratory has been established at 
the Conservatoire des Arts et Métiers for the 
same purpose; in addition, the Ladoratotre 
Centrale d Eiectricité carries on researches 
connected with electricity. In America, the 
Bureau of Standards will provide everything 
required for accurate standardisation. In 
England, the only institution of the kind 1s 
the National Physical Laboratory: this 
institution is unfortunately hampered for lack 
of funds, so that in the past many interesting 
and important technical researches have been 
unavoidably declined. Our national lack 
of initiative in connection with scientific and 
technical research is unfortunately so obvious 
that it is unnecessary to dwell on it here; but 
the effect of this on our trade can scarcely be 
ignored, as is shown by the following 
communication from a Government Surveyor 
on the West Coast of Africa to Dr. Glaze- 
brook, Director of the National Physical 
Laboratory. 

“ The reason why this demand—for accurate 
surveying tapes —may not have come fully to 
the notice of the proper authorities in the 
mother country may, 1 think, be attributed 
to the fact that until quite recently there was 
no place in England where these standards 
could be obtained (indeed, so far as I am 
aware, there is no place now) and the Colonies 
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have been forced to procure them from 
foreigners, and the knowledge of the 
superiority of their workmanship in this 
direction leads the Colonies to infer that they 
might be equally advanced in other kindred 
commodities. I feel I have no need to point 
out how disastrous this has proved from a 
national point of view." 

In spite of the limitations imposed on the 
work of the National Physical Laboratory by 
the absence of adequate pecuniary aid, it is 
satisfactory to note how much important work 
has already been carried out. А series of 
careful tests has shown that Callendar’s 
parabolic formula (connecting the temperature 
and resistance of a platinum wire such as is 
used in the platinum resistance thermometer) 
holds from — 200°C, to 1,000°C. A number of 
standard resistance coils have been constructed 
with the greatest care. Another subject which 
has received attention 15 the effect of wind 
pressure on structures. Very little is known 
as to the actual force exerted by the wind on 
‘engineering structures—bridges, tall buildings 
and the like. It is the opinion of many 
competent judges that the existing Board of 
Trade rules are unduly severe, but the data 
on the subject are extremely small. Юг. 
Stanton has endeavoured to attack the 
problem by measuring the distribution of 
pressure and the resultant thrust on small 
plane areas exposed to a uniform current of 
air. 

The air current, produced by a Blackman 
fan, 15 vertical and some two feet in diameter. 
The surface on which the thrust is to be 
measured is exposed to the current, being 
carried at one end of a long lever: the thrust 
is measured by balancing it against weights 
at the other end of the lever. The distribution 
of pressure over the surface is measured by a 
series of Pitot tubes which are connected by 
very fine india-rubber tubes to a sensitive 
water gauge. The other limb of the gauge 
is connected to the “static pressure” tube of 
the Pitot tube arrangement. 

In this arrangement it can be shown that, 
if v be the velocity of the current and Z the 
difference of level in the two limbs of the 


gauge, then v = £ ,/2vh where Å is a constant 
which theoretically is equal to unity. Ву 
means of an ingeniously devised anemometer 
Dr. Stanton verifies this law, obtaining for the 
constant & the value 1°03. From these ex- 
periments the important law was deduced that 
on similar structures the resultant force due 
to a uniform wind is simply proportional to 
the square of the linear dimension. ‘The 
range of dimensions over which this law has 
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been verified is of course extremely small ; if 
it can be extended to large structures it will 
enable the resultant forces due to the wind 
on those structures to be determined from 
experiments on models, just as the per- 
formance of a ship is determined by tank 
experiments. With a view of extending the 
law Dr. Stanton is now engaged in repeating 
the experiments on a large scale in the open 
air. 

Experiments on the cooling curves of iron 
have been carried out by Dr. Carpenter and 
Mr. Keeling. -A series of iron-carbon alloys 
have been prepared, the carbon content 
ranging for o'or per cent. to 4°5 per cent. 
The temperatures were obtained by a thermo- 
couple, either of platinum and platinum- 
iridium, or of platinum and platinum rhodium. 
А galvanometer included in the circuit gives 
a deflection proportional to the thermo-electric 
force produced, and from this the temperature 
of the hot junction at each instant can be 
obtained. If the cool junction of the couple 
is kept at a constant temperature, the other 
junction being enclosed in the cooling mass 
of iron, curves similar to those given in the 
February number of ‘TECHNICs (Fig. т, p. 110) 
are obtained. ‘This method suffers from the 
drawback that an extremely sensitive galvan- 
ometer cannot be used, since if it were, its 
deflection would be too great when the iron 
is at its highest temperature. To avoid this 
difficulty, one junction of the couple is en- 
closed in the iron to be examined, and the 
other junction is enclosed in a piece of 
platinum. ‘The dimensions of the iron and 
platinum are equal, and both these substances 
are initially heated to the same high tempera- 
ture in an electric furnace and then allowed 
to cool. No evolution of heat occurs in the 
platinum as it cools, and if none occurred in 
the iron the two substances would cool at 
practically equal rates, and the galvanometer 
would show no deflection. At each of the 
“arrest points” of the iron, however, an 
evolution of heat occurs, and therefore de- 
flections of the galvanometer are produced: 
since a very sensitive galvanometer can be 
used, its deflection at any instant being 
proportional to the difference between the 
temperatures of the cooling masses of iron 
and platinum, it follows that small evolutions 
of heat in the iron, which might otherwise 
escape notice, can be readily observed. When 
the iron is nearly pure a considerable evolu- 
tion of heat occurs at ооо“ C. (Az, for pure 
iron) corresponding to the transformation 
from y to iron. А smaller and compara- 
tively gradual evolution of heat commences 
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А . Ratio of Differ- . Punching | Bending Test. 
Con- D t Thick ; Volt: : 
Substance. dion] ^ Voltage eee ren Mean (Millimeter?! Millimeter. еше с 
| Е и Е Рег cent. Е { | dc 
Press-spahn. a 2,180 9 0'23 9, 500 95 
b 2,330 6 10,000 57 yh in.; >10 
с 2,330 6 10,200 27 3 in. 
Press-spahn a 2,920 13 0°56 5,200 106 
б 3,550 3 6,300 105 ps in. ; 6 
c 3,670 7 6,550 79 I in. 
d 3,330 3 5,950 40 2% in. 
Press-spahn a 6,650 2 1°61 4,150 2150 
б 79,000 5,600 >150 about 5 in. 
c 29,000 > 5,600 150 about 8 in. 
Press-spahn and Stand- a 3,610 8 0'34 10,500 57°5 
ard Varnish б 7,120 12 21,000 74 B in. 
c 29,000 726,000 67 I in. 
d 79,000 26,000 60 13 in. 
Manila Paper . a 1,540 8 0°28 5,500 62 
б 1,540 2 5,500 25 $ in. 
с 1, 590 5 5,700 20 I in. 
Manila Paper . a 1,620 4 0° 38 4, 300 69 
б 1,920 4 5,100 41 тз in. ; 4 
с 1,840 5 4,800 24 I in. 
Manila Paper and a 1,800 2 O' 34 5,300 54 
Standard Varnish б 3,400 8 10,000 47 I n. 
€ 4, 340 8 12,700 42 2 in: 
d 4,180 9 12, 300 37 2] in. 
Waterproof Board a 2,420 2 0'29 8,300 62°5 
б 3,720 7 12,800 67 yy in. ; >10 
с 3,630 II 12, 500 34 I in. 
Waterproof Board a 3,300 4 O' 44 7,500 94 
б 4,480 17 10, 200 102 ya in. ; >10 
€ 5,200 IO 11,800 97 I in. 
Oiled Cloth a 4,580 4 0°22 21,000 29 
ó 5,110 20 23,000 27 1 in. 
с 4,650 14 21,000 24°5 B in. 
d 3,940 12 18,000 I9 I in. 
Red Oiled Paper . a 6,600 6 0°25 26,000 30 
b | 6,850 11 27,000 34 i in. 
с 7,900 13 31,000 37 4 in. 
d 6,940 8 28,000 28 11 in. 
Black Oiled Board a 5,320 2 0'30 17,700 59 
б 9,460 8 18,200 61 I in. 
c 6,170 3 20,600 55°5 2 in. 
d 4,970 4 16,200 33 2¢ in. 


at 765°C. (Az), corresponding to the trans- 
formation from f toa iron, the iron becoming 
magnetic when cooled below this temperature. 
When the iron contains an appreciable per- 
centage of carbon, a third evolution of heat 
occurs at 690°C (Az) corresponding to the 
segregation of the eutectic (pearlite). А small 
and gradual evolution of heat occurs at 580°C.: 
this point has been denoted by Av, and 
corresponds to minimum magnetic perme- 
ability for fields of a certain strength. The 
results obtained show a close agreement with 
modern theory, but several unexplained 
changes occur which show the need of further 
research. 


TABLE I. contains the results of experiments 
carried outat the National Physical Laboratory, 
оп various insulating substances 
in general use. In this table— 

a, indicates that the specimen had not been 
heated. 

6, indicates that the specimen had been 
heated for three months to about 75°С. 

с, indicates that the specimen had been 
heated for three months to about 100°C. 

d,indicates that the specimen had been 
heated for three months to about 125°C. 


It becomes evident that the insulating proper- 
ties are improved by heating to 75^ C .; they 


Insulation 
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are not seriously affected by heating to тоо°С., 
but a marked deterioration is produced by 
heating to 125°C. The bending tests were 
carried out by bending the specimens round 
cylinders of different diameters, commencing 
with large and proceeding to smaller cylinders, 
and noticing the diameter of the cylinders at 
which breakage occurred. 


ANOTHER important research carried out 
at the National Physical Laboratory relates 
— to the temperature of dynamo 
Magnet Coils 29d motor field-magnet windings. 
' The life of the windings will 
depend on whether, during working, they are 
overheated or not. The danger from over- 
heating the windings wil depend on the 
highest temperature attained by any part 
of the winding, and as the hottest coils will 
obviously be those in the middle of the 
winding, it is not of much use to measure the 
temperature of the outer and coldest coils with 
an ordinary thermometer. The average 
temperature of the windings can be deter- 
mined by measuring their resistance (1), at 
the temperature of the air, which can be 
measured, and (2), after the coils have carried 
their working current for such a time that 
their temperature has become constant. ‘Then 
remembering that the increase in resistance 
of copper is o*4 ohm for each 1oo ohms at 
o^C., it is easy to calculate the mean temper- 
ature attained by the windings. Several 
makers gave their help, and wound a 
number of their field coils of the ordinary 
pattern, but containing thermo-junctions of 
iron-eureka wire at various positions in the 
winding. In the case of one coil it was 
found that when carrying a current of 8'1 
amperes in the laboratory, the mean temper- 
ature was 113°C., and the maximum was 
136°C., the maximum being thus 20 per 
cent. greater than the mean temperature. 
When the same coil was used on a 500 kilo- 
watt machine using the same current, the 
mean temperature was 82°C., and the maxi- 
mum was 103 C. (these figures are lower 
than those obtained in the laboratory, owing 
to the fanning action of the armature), show- 
ing that the maximum was 25 per cent. greater 
than the mean temperature. 


А GENERAL investigation into the methods 

of attaining and measuring very high tem- 

peratures, and, in particular, the 

High elaboration of some form of 
Temperature | сл {ет b 

Thermometry Ё!ёСЇг1са1 pyrometer for measure- 

ment of temperatures up to, say, 

1800°C., has been commenced at the National 


Physical Laboratory. As it has been con- 
clusively shown that no metals hitherto used 
in pyrometers will continue to withstand for 
any length of time the combined effect of 
the action on them of the furnace vapours 
and gases by which they are surrounded, at 
high temperatures such as 1500°C., atten- 
tion has been turned to the various oxides of 
the alkaline earths and allied groups, with a 
view of elaborating from some mixture of 
these, such as is used in Nernst lamps, 
substances possessing sufficiently unalterable 
physical properties to enable them to be used 
as the basis of a system of high temperature 
measurement. As stated in the report of the 
director for 1904, the existence of large 
thermo-electro motive forces between rods of 
some of these earths, made up and treated 
much as ordinary thermo-junctions, has been 
established by experiments at high tempera- 
tures, and a further investigation of this 
phenomenon and a study of the resistance of 
such rods by appropriate methods will form 
the basis of the main investigations of the 
department during the immediate future. 


А skET of буе поп -inductive resistance 
frames (each 5o ohms and to carry 2 amperes) 
was constructed. Ву means of , 

: ccuracy of 
these, comparisons were made, Kelvin 
both with direct and alternating Balance for 
current, of one of the standard Alternating 
Kelvin electrostatic voltmeters ‘™"e"*s 
and one of the Kelvin balances (to 100 
amperes). The agreement was quite satis- 
factory, and this disproves (for ordinary 
frequencies) the allegation that, when used 
with alternating currents, the accuracy of the 
balance is affected by eddy currents in the 
metal parts near the coils. 


THE investigation of certain anomalies of 
Clark and cadmium cells has been continued 
at the National Physical Labora- 

^ . : | Standard 
tory. Special four-limb cells were ~ cells 
constructed, designed so as to 
contain three different samples of any one 
element of the cell. In this way the insta- 
bility of the samples was determinable. 
Mercurous sulphate was the first substance to 
be investigated, the observations of previous 
years indicating its behaviour to be most 
unsatisfactory. ‘The investigation proved the 
sulphate, as ordinarily prepared, to be quite 
unsuitable for standard cells, and a standard 
method of preparation was sought. ‘Three 
methods proved to be successful ‘The first 
of these is a modification of one due to 
Divers and Shimidzu, the salt being prepared 
2 R 
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with fuming sulphuric acid and mercury. The 
second is a precipitation method, while the 
third is an electrolytic method, due to 
Professor Н. S. Carhart, Mr. G. A. Hulett, and 
Dr. F. Wolff. Very satisfactory results were 
obtained. Six cadmium cells, prepared with 
samples of mercurous sulphate so made, were 
taken to the United States by Dr. Glazebrook 
in September, the object being to compare 
their E. M.F.'s with those of other cells con- 
structed by Professor Carhart. Unfortunately, 
the cells changed in transit ; the reason for 
this is unknown, but will be investigated. 
There is little doubt, however, but that a 
depolariser сап now be prepared, such that 
the E.M.F.'s of cells prepared with samples 
manufactured at different times will not differ 
by more than a few hundredths of a millivolt. 
With purchased samples of mercurous sul- 
phate, cells were prepared having E.M.F.’s 
differing by more than two millivolts. 

An investigation has also been made to 
determine the difference, if any, of E.M.F. 
between the H form of cell and the tube or 
Board of Trade form. Since 1892 the H 
form has been assumed to have a smaller 
E.M.F. by о'ооод volt. Cells combining the 
two forms were constructed, and observations 
made on both Clark and cadmium cells. 
The results showed conclusively that no 
difference so great as four ten-thousandths of 
a volt exists; the difference, if any, must be 
very small. 

A preliminary report on the anomalies of 
standard cells was presented to Section A of 
the British Association at Cambridge. 

In the near future it is hoped that the 
investigation will be completed, and a satis- 
factory specification for both Clark and 
cadmium cells prepared. The various objec- 
tions against both kinds of standards when 
subjected to a fluctuating temperature will 
also receive attention. 


THE reason for the greatly improved 
running of a petrol motor at light loads, due 
to the provision of a device for 
[epit reducing the lift of the induction 
Valves. Valves instead of one for reducing 
the opening of the ordinary 

throttle valve, is not very apparent on the 
surface, although the actual improvement is 
very noticeable. ‘The reason can be found 
by fully investigating the actions that take 
place on the two sides of both the induction 
and the throttle valves. Such an investigation 
shows that the throttle, as ordinarily fitted, is 
capable of improvement without complication, 
so that even if “variable lifts" are not 
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FIG. 3.—ARRANGEMENT OF PETROL MOTOR WITH 
THROTTLE VALVE AT A DISTANCE FROM 

INDUCTION VALVE, 


generally adopted, they will have done some 
good by indirectly leading to throttle valve 
improvements. 

It is usual for the manufacturers of multi- 
cylinder motor car engines to use one throttle 
for all the cylinders, and to place this close 
to the carburettor. It will be seen that there 
is a considerable volume of mixture pipe 
between the throttle valve and the induction 
valve, and the volume of pipe so placed has 
a considerable effect on the running of the 
engine when throttled. 

Take the case of a single-cylinder engine ; 
when the throttle is nearly closed, the motor 
on its suction stroke first draws gas from this 
space until there is a depression, before any 
appreciable quantity of fresh mixture passes 
through the throttle. If the volume of this 
space is considerable (as at A, Fig. 3), the 
motor draws all or most of its charge from 
A, with the consequence that it has to use 
stagnant mixture ; and, as the suction stroke 
occupies only one quarter of the total time, 
and mixture can flow through the throttle all 
the time, to run the engine on light load 
requires a very small throttle opening indeed, 
as there is a comparatively large pressure 
difference between the two sides of the 
throttle valve, producing high velocity of gas 
through the port in a practically continuous 
flow. 

As only a small quantity of mixture is 
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FIG. 4.—ARRANGEMENT OF PETROL MOTOR WITH 
THROTTLE VALVE NEAR INDUCTION VALVE. 


required, the air passes the jet as a continuous 
stream at a small velocity, a condition 
rendering correct  carburation extremely 
difficult. If, on the other hand, the throttle 
is kept as close as possible to the induction 
valve, as in Fig. 4, a very small movement 
of the piston produces the necessary de- 
pression in the small chamber A, with the 
result that the mixture is drawn almost 
directly from the carburettor into the cylinder 
without stagnation ; and as there is no large 
reservoir to be filled after the end of the 
suction stroke, gas is in motion practically 
only during the suction stroke, producing 
intermittent “ puffs” of air past the jet at a 
much higher velocity than in the previous 
case, resulting in better carburation and 
consequently more steady running and 
higher economy. 

The same considerations apply equally 
well to multi-cylinder engines; in this case, 
to obtain the best results, it is 
necessary to use separate valves 
for the different cylinders, all 
being carefully adjusted to admit 
exactly equal quantities of gas in 
all circumstances. 


THE area of full throttle open- Fic. 5. 


ing necessary for the average 


high-speed petrol engine is equal to one- 
twelfth the area of one cylinder, and this 
corresponds to a mean gas 
velocity of 160 feet per second, Proportions 
of Throttle 
with a mean piston speed of 800 Ports 
feet per minute. The shape of 
the port requires a little consideration, and 
depends on several factors. To regulate the 
running of the engine well, the throttle must 
be very sensitive when the engine is on light 
loads, and should therefore not reduce the 
quantity of gas in proportion to the move- 
ment of the valve, but rapidly at first and 
subsequently more gradually. 

It is apparent that the weight of gas pass- 
ing the throttle varies, not only in proportion 
to the area of opening, but also with the rate 
of flow due to difference of pressure on the 
two sides of the valve, and that at constant 
engine speed the pressure difference increases 
as the port area is reduced, so that in a 
throttle for power regulation at constant 
speed the area of opening will decrease more 
rapidly than the power developed, assuming 
the latter to vary directly as the weight of 
gas passing the throttle. 

Further, the gas required to drive an 
engine at maximum torque varies directly as 
the speed, so that for full power the necessary 
area of port varies directly as the speed ; it 
follows that to reduce the speed of an engine 
by throttling, the area of opening must be 
reduced in greater proportion than the speed. 

If the throttle is far from the induction 
valve, as in Fig. г, a small opening will 
admit more gas than if it is close, as the gas 
will be passing during a longer total time: 
thus the volume of the mixture pipe has also 
an effect on the shape of the ports, and the 
aperture of the throttle need not be so finely 
adjusted if it is close to the induction valve. 

The approximate shape of a throttle port 
to fulfil the necessary conditions is shown 
in the diagrams, Figs. 5, 6, and 7; as it is 
closed in equal increments its area is reduced, 
first rapidly, then more gradually, until the 
minimum opening which will run the engine 


Fic. 6. Fic. 7. 
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is reached; finally it closes somewhat 
suddenly, to avoid passing too small a 
quantity of mixture to cause an explosion. 

The curve shown in Fig. 8 illustrates the 
rate of closing for the valve port. 


THE differential or “balance” gear is an 
essential part of all self-propelled rubber-tyred 
road vehicles which have more than one 
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Fic. 8.—CURVE SHOWING AREA OF THROTTLE 
PORT FOR VARIOUS POSITIONS OF VALVE, 
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wheel driven. The commonest form of 
differential gear was illustrated on page 57 
of the present volume,* in the 
article on * Epicyclic Trains” by 
Mr. Thornton Knowles ; but this 
form is being displaced by the spur-wheel 
type shown in Fig. 9. The action is 
similar in both cases: the bevel pinions 
which drive the two sides are replaced 
each by two wide spur pinions gearing 
with each other for half their widths; 
the other halves gear, one pinion with 
one side and the second with the other side, 
thus obtaining the same action as in the 
bevel type. 

The spur type has several advantages over 
the earlier bevel type. It is easier and 
cheaper to manufacture ; but the principal 
advantage lies in the elimination of bevel 
gears, thus doing away with all end thrust, 
allowing the gear to act more freely and 
reducing the wear. 

The outside diameter of the gear casing 
can be kept of a reasonable size by reducing 
the number of teeth in the pinions. As 
few as ten teeth can be used, providing a 
suitable tooth form is adopted, and the gears 
are made of good material and are propor- 
tioned to keep all stresses within permissible 
limits. 


Differential 
Gears 


FIG. 9.—SPUR-WHEEL DIFFERENTIAL GEAR FOR 
MOoTOR-CARS, 


ON examining the petrol engines at the 
recent great motor-car exhibitions, one was 
struck by the apparent uncertainty that exists 
amongst manutacturers as to the best position 


* TECHNICS, Vol. III., No. 13, January, 1905. 
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Fic. 10.—TYPICAL POSITIONS FOR INDUCTION AND EXHAUST VALVES. 


for the induction and exhaust valves, and 
even the area of port opening necessary for 
the maximum efficiency. 


тат The various arrangements 
in Petrol AP А 
Engines Пау be divided broadly into 


five main types, as shown in 
Fig. 10; they are arranged roughly in order 
of frequency, No. 1 being the favourite. 
This is undoubtedly not the order of merit 
for heat efficiency, No. 1 being certainly one 
of the worst, owing to its excessive cooling 
surface and irregular form, its redeeming 
feature being probably that it makes a 
symmetrical and easily accessible engine. 

The arrangement shown in No. 4 probably 
gives the highest heat efficiency, owing to its 
regular form and small cooling surface. ‘Ihis 
form is used in the Maudsley engines, but 
would no doubt be found inconvenient for 
small cylinders. 

No. 5, the Wolseley arrangement for hori- 


zontal engines, is good ; its only bad feature 
is that the temperature of the incoming 
charge is increased by passing over the hot 
exhaust valve, but this, of course, lengthens 
the life of the exhaust valve by keeping it cool. 

Nos. 2 and 3 have about equal heat 
efficiencies, No. 3 being perhaps the better, 
while No. 2 makes the neater engine. 

For a combination of, or rather compromise 
between all the good points, it is probable 
that a modification of No. 3 would be found 
best. This is shown in No. 6. 

It has been demonstrated that in the 
average engine with equal diameter of valves, 
the induction valve is too small, and the 
exhaust valve unnecessarily large. No. 6 
has a fairly good form for heat efficiency ; the 
exhaust valve, being comparatively small, is 
placed in a small pocket, where it does not 
affect the temperature of the bulk of the 
incoming charge, yet is cooled sufficiently to 
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prevent over-heating and pre-ignition. ‘The 
induction valve can be of ample size, and 
the charge is not diminished by having to 
pass to the cylinder by a tortuous passage, as 
in Nos. 1, 2, and 3. It also makes a 
convenient engine, and certainly gives the 
practical maximum of volumetric efficiency. 
Many other valve arrangements may be 
found in individual cases, but do not appear to 
offer any material advantages over these types. 


Tur Winton petrol motor-cars are fitted 
with an unusual form of combined hand and 
governor control on the induction 
Р OEE valves, which renders the engine 
Control Very flexible and easily controlled. 
The arrangement is shown 

somewhat diagrammatically in Fig. тт. 
It consists of a small cylinder, in which 
works a piston attached to the induction 
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FIG. 11.—ARRANGEMENT FOR PROVIDING COM- 
BINED HAND AND GOVERNOR CONTROL 
ON INDUCTION VALVE. 
valve. Air under pressure, supplied from 


a small pump driven by the engine, is 
forced into this cylinder and opposes the 
opening of the valve. А bye-pass to the 
atmosphere is arranged to regulate the air 
pressure, so that the induction valve can be 
set to open at any desired vacuum in the 
combustion space of the engine, thus giving 
a very sensitive “ variable lift" device having 
one great advantage over the mechanical 
variable lift, inasmuch that it forms an ad- 
justable speed governor as well. lt will be 
seen that, if the engine slows down, the 
pump will deliver less air, so that the 
pressure drops, owing to the bye- pass, 
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allowing the induction valve to open earlier 
and further, and admit more gas, thus 
forming a fairly sensitive governor. 

When it is desired to run the engine at 
full power, the bye-pass lets off all the 
pressure generated by the pump, so that 
the valve acts as an ordinary atmospheric 
valve, the usual spring being fitted to keep it 
on its seat; but the chamber over the piston 
forms a dash-pot, rendering the action of the 
valve practically silent. 

If the bye-pass be completely closed, the 
pressure of air is sufficient to prevent the 
valve opening, even against the full suction 
of the engine. 


Ir is proposed by Dr. J C. Cain to con- 
sider the chlorine in ammonium chloride as 
being trivalent, H3N = CIH, and constitutional 
the oxygen in ammonium hydrate Formule 
as tetravalent, H3N-2OH,, of 
with the view of explaining: 
the differences between solutions 
of ammonia and of the alkaline hydroxides ; 
the existence of isomeric quaternary ammo- 
nium salts; the formation of diazonium and 
of metal-ammonium compounds; diazotisa- 
tion and the reduction of diazonium deriva- 
tives to hydrazine. (Mems. and Proc. 
Manchester Lit. and Phil. Soc., 48, No. 14.) 


Since A. Tschirch suggested in 1898 
that the purgative action of rhubarb, senna, 
aloes, and frangula bark is due РЕТ 
to oxymethylanthraquinones and ware 
their glucosides, many artificial eon 
compounds allied to  anthra- Compounds 
quinone have been shown to have 
such action.  Purpuroxanthin (dioxyanthra- 
quinone), anthragallol, with three other trioxy 
anthraquinones, alizarinbordeaux (tetraoxyan- 
thraquinone), purgatin, the diacetyl derivative 
of 1:2:7 anthraquinone and exodin (diacetyl- 
rufigallic tetramethylether) are active. 


A NEW oxidising bacterium which reduces 
the cupro-potassic reagent, and is different 
in form and appearance from 
* Mycoderma Aceti" and the 
bacterium of sorbose, has been Bacterium 
separated by R. Sazerac from 
wine vinegar. It grows in neither meat nor 
potato broth, but grows well on glycerinated 
gelose. Isolated on plates of the latter at 
2 per cent, it gave with glycerin broth, 
homogeneous cultures having reducing power 
at ordinary temperature It rapidly oxidises 
glycerin into dioxyacetone. (Bul. Soe. 
Chem. de Paris, 29, 16.) 
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Continued from No. 13, p. 16. 
By К. Н. HOUSMAN, B.Sc., M.I.E.E. 


HERE are two ways in which 

an explosive may be burnt in 

a cartridge, neither of which 

is found in actual practice: — 

(a) At constant volume, and 

(2) at constant pressure. In 

all actual cartridges the pres- 

sure rises at first, апа then falls whilst the 

combustion is proceeding; the increase in 

the volume to be filled with gas becomes 

more and more rapid as the bullet accelerates, 

whilst the rate at which gas 1s evolved con- 

tinually decreases owing to the reduction of 

the burning surface ; the maximum pressure 

being reached when the two rates are equal. 

The two extreme cases, however, may be taken 

as indicating the limits between which all 
actual examples are found. 

In explosion at constant volume the whole 
of the explosive is consumed before the bullet 
begins to move, so that the maximum pressure 
is reached before the volume begins to 
increase. ‘This, whilst requiring an enormous 
chamber volume to keep the pressure within 
practicable limits, has the advantage that 
the pressure is definitely fixed and cannot 
be increased by rise of temperature, weight 
of bullet, or strength of cap, etc. ‘The disad- 
vantage is that the efficiency obtained from 
a given barrel is very low, and the gas 
consequently escapes at a very high tem- 
perature. Explosion at constant volume 
marks the extreme limit of the tendency to 
control pressure mainly by excessive chamber 
volume. ‘The results are rapid heating of the 
barrel, and increased recoil and muzzle blast; 
further, a most unwieldy cartridge ts required 
to obtain a given velocity. ‘The pressure 
diagram is shown in curve AA, Fig. 1. 

Case (2) (ie. explosion at constant pressure) 
is the other extreme which cannot be realised 
in practice, but which, if it could be attained, 
would have the following advantages :— 

Maximum efficiency. 

Maximum output from a given barrel when 
maximum and muzzle pressures are specified. 

Minimum heating of the barrel; and, lastly, 
a very small and compact cartridge. 


This case is illustrated in curve ABB, Fig. т. 
The contrast of these curves is at once 
evident. In curve AA the pressure falls 
rapidly from the maximum, but is well main- 
tained towards the muzzle; whilst in curve 
ABB the maximum pressure is maintained 


constant whilst the explosive is burning, and 
then falls much more rapidly than in the 
other case. If Fig. 1 is taken to represent 
the o* 303 Service barrel with the pressure at 
the breech limited to twenty tons per square 
inch, and that at the muzzle to three tons, 
the bullet weighing 215 grains; then the indi- 
cated energy required to give a velocity of 
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TRAVEL OF BULLET. 
Fic. I. —CURVES SHOWING PRESSURE FOR VARIOUS 
PosITIONS OF BULLET, WHEN CHARGE 15 Ex- 
PLODED (a) AT CONSTANT VOLUME (CURVE АА) 

AND (6) AT CONSTANT PRESSURE (CURVE ABB). 

0° 303 Service barrel; breech pressure = 20 tons per 
square inch; muzzle pressure = 3 tons per squareineh ; 
weight of bullet = 215 grains, 


2,050 feet per second is about 2,700 foot-lbs., 
assuming a mechanicalefficiency of 75 percent. 

In case (а) the capacity of the cartridge 
case required is 0°83 cubic inch. This is 
more than four times the capacity of the 
Service 0° 303 cartridge case. 

In case (4) the volume is only 0°06 cubic 
inch, or about one-fourteenth of the capa- 
city in case (a). The charge required in (a) 
15 52°2 grains; that required in (2) is 23:6 
grains. 

It is supposed, in case (^) that the cordite 
completely fills the case, and that the surface 
increases with the velocity of the projectile. 
Both of these conditions are impracticable, 
but the nearer we can approach them, the 
more efficient will be our cartridge. For 
example, the maximum available energy of 
cordite is about 235 foot-lbs. per grain. In 
case (a) the indicated energy is only 51:7 
foot-lbs. per grain, or 22 per cent. [n case 
(6) the indicated energy is over 114 foot-Ibs, 
per grain, or nearly 49 per cent. 
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In the above calculations it has been 
assumed that the expansion curve is of the 
form PV* = constant. ‘The value of y has 
been taken as 1°4 in both cases, although, of 
course, some of the energy has been extracted 
from the gases in case (4) by increase of 
volume at constant pressure. ‘This, however, 
may be considered as balanced by the greater 
loss of heat to the sides of the case in (a). 
In both cases the index 1'4 represents a 
curve falling considerably below the adiabatic, 
which appears to have an average index of 
about 1*2, the difference being due to loss of 
heat to the barrel. An examination of the 
expansion curves given by cordite so finely 
divided as to burn before the bullet moves, 
shows that the value of y increases gradually 
as expansion proceeds from r up to about 
I'4; it is, therefore, assumed that y = т 
up to the point of maximum pressure. 

It would appear that the reaction caused 
by the explosion does not take place instan- 
taneously, the evolution of heat extending 
over a certain interval of time. An experi- 
ment intended to test this point was made as 
follows :—Cartridges were loaded with cordite 
in the form of fine dust without any vaseline; 
these gave explosion at constant volume, and 
the maximum pressures were nearly equal 
with two bullets, one of which was double 
the weight of the other ; yet the pressure fell 
more rapidly with the hyht than with the 
heavy bullet. This seems to show that more 
heat was evolved with the heavier bullet, 
owing to the longer time it took to traverse 
the barrel, in spite of the greater loss of heat 
to the barrel. | 

Fig. 2 shows the pressure curves given by 
0° 303 cartridges in a “short lead” barrel, the 
weight of the bullet being 215 grains, and 
that of the charge 30 grains. ‘Three thick- 
nesses of strand cordite were used, viz -— 
0'023 inch diameter, 0°033 inch, and o' 039 
inch; the fourth curve is that given by flat 
strip o 185 inch X 0°022 inch. 

From these curves the great advantage of 
an explosive which has a large final surface 
will be seen, the velocity given by the flat 
strip being practically the same as that of the 


0*033 strand, which is the thickness used for 
the Service cartridge, the pressure being only 
I4'4 tons as against 1779 tons. The lower 
pressure is compensated by the comparatively 
early stage at which combustion is completed. 
With the flat strip the whole of the cordite is 
burnt before the bullet has travelled r2 ins. 
With the 0*033 strand a core о 'ооб inch in 
diameter remains unburnt when the bullet 
leaves the muzzle, and most of this is consumed 
subsequently. An early combustion of the 
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Еіс. 2. — PRESSURE CURVES FOR 0° 303 SHORT LEAD 
RIFLE, WITH 215 GRAIN BULLET AND VARIOUS 
THICKNESSES OF CORDITE, 
Particulars of the various curves are given in Табе Г. 
A, all cordite burnt at a. B has 0'006 unburnt at 
muzzle. C has o'o14 unburnt at muzzle. D, all 
cordite burnt at d. 


cordite may be obtained by reducing the 
thickness of the strand ; but in this case, the 
maximum pressure is increased to an incon- 
venient extent, as shown by the curve for the 
0'023 strand cordite. 

The 0:039 inch strand is unsatisfactory at 
a temperature of 60°, owing to a thickness of 
about o'or4 inch being left unconsumed 
when the bullet leaves the muzzle; yet it gives 
satisfactory results in tropical climates, where 
the acceleration of the combustion of the 
cordite by temperatures of 120° Fahr. and 
upwards makes itsbehaviour very similartothat 
of the 0:033 inch strand at 60°. "Table I. 


TABLE I.—DATA REFERRING TO CURVES IN FIG. 2. 


A.—30 grains of 0°023 in. strand 

B.— 30 grains of 07033 in. strand 

C.—-30 grains of 0'039 in. strand ; 

D.— 30 grains of 0* 105 in. X 0'022 in. flat strip . 


| Voie. | due | Jet | | Pressure 
ft./szc. {t.-lbs. ft.-Ibs. Per Cent. | tons sq. in. 
2,247 2,404 | 3,276 7355 25°38 
2,043 1,958 2,027 75°7 17°9 
1,576 1,676 2,000 85:8 14°05 
2,034 1,970 2,542 77`5 14°4 
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shows the results of the four charges mentioned 
above, and illustrates some interesting points. 
For example, it is clear that increase of 
pressure, by accelerating the combustion of 
the cordite, increases the efficiency, since the 
indicated energy per grain of cordite is 109 
ft.-lbs. for the 0:023 inch thickness, as com- 
pared with 88 ft.-lbs. for the o*033 inch, and 
73 ft-lbs. for the o*039 inch. ‘The friction 
is seen not to be constant, as is sometimes 
assumed, but to increase with the pressure, 
whichis accounted for by the increased “setting 
up” of the bullet and the greater pressure of 
the surface of the bullet against the sides of 
the bore with high pressures. This results in 
the friction being nearly proportional to the 
pressure, and the mechanical efficiency being 
nearly constant. With strand cordite of 
various thicknesses, the maximum pressure 
for a given charge scems to be approximately 
proportional to the initial surfaces; thus the 
initial surfaces аге: —13'2 square inches for 
the 0°023 inch, 9:2 square inches for the 
0'033 inch, and 7:8 square inches for the 
0'039 Inch; whilst at the point of maximum 
pressure the surfaces of all three are nearly 
equal. "The initial rate of rise of pressure is 
in proportion to the surfaces, since it is 
determined by the value of burning surface 
— net volume of case, and hence, the thinner the 
strands the sooner is the maximum pressure 
attained, and therefore the higher the pressure 
required to give the critical velocity. 

Fig. 3 shows the effect of increasing the 
chamber volume of a cartridge, the thickness 
of cordite being the same in each case. The 
pressure gun in which these cartridges were 
fired had a loose ring, which could be placed 
at the back of the chamber so that a special 
cartridge, made longer in the body than the 
Service cartridge, could be fired under exactly 
the same conditions as the usual o'303 
cartridge. The volume of the long case was 
о'231 cubic inch as against o* 193 for the 
Service cartridge—an increase of about 20 per 
cent. It will be seen from Table II. that to 
obtain the same velocity in the long case, an 
increase of about 1o per cent. in the charge 
was required ; but in spite of this increase of 


` TONS PER SQUARE INCH 


313 


charge, the pressure for the same velocity is 
considerably lower with the longer case. It 
will also be observed that with the long cases 
the point of maximum pressure is further 
forward than with the short ones, and the 
pressure falls less rapidly towards the muzzle. 
This, of course, would be an advantage if it 
were not counterbalanced by the lower 
efficiency and consequently more rapid 
heating of the barrel by continuous firing. It 
will thus be seen that all the good etfects of 
enlarging the chamber volume may be 
obtained, without the disadvantages, by 
substituting flat strip for strand cordite in the 
ordinary o* 303 cases. ‘Table II. shows the 
results given by the charges corresponding to 
the pressure curves in Fig. 3. The reduction 
of efficiency with. the larger chamber is due, 
partly to the slower combustion of the cordite 
under the lower initial pressure, and partly to 
the mean ratio of expansion being less with the 
larger chamber. ‘This result is analogous to 
that consequent on increasing the clearance 
in a gas engine. 

The amount of heat imparted to the barrel 
of a Service 0° 303 rifle by the Service charge 
is rather more than equivalent to the muzzle 
energy. The muzzle energy represents about 
66 ft.-lbs. per grain of cordite, and the heating 
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FIG. 3.—CURVES SHOWING THE EFFECT OF 
INCREASING THE CHAMBER VOLUME OF 
A CARTRIDGE. 


TABLE II.—DaATA REFERRING TO CURVES IN FIG. 3. 


А Muzzl Indicated | Mechanical | 
Velocity. Кешу. Кесу: | Eiciency: | Pressure. 
| ft./sec. р ft.-Ibs. | ft.-lbs. | Per Cent. | tons sq. ir 
A.—30 grains 0*033 strand 2,043 1,988 2,627 7577 1779 
В.—33 grains 0'033 strand ! жЕКЕ. | 2, 190 2,284 3036 | 75-3 211 
C.—33 grains 0*033 strand Long case . . d 2,058 2,017 2,507 73°5 1578 
D.— 36 grains 0*033 strand 2,221 2,349 3105 | 757 19‘! 
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of the barrel about 70 ft.-lbs. per grain. Some 
of the latter is due to the friction of the bullet 
in passing up the barrel, which amounts to 
about 25 per cent. of the indicated energy. Tt 
may be assumed that half of this is imparted 
to the barrel and half carried away by the 
bullet, so that the heat balance may be stated 
as follows :— ft.-Ibs. 
per grain. 

Carried away by bullet as kineticenergy 66 

„ һем. . . II 

Imparted to barrel by friction . . II 

„ hot gases . . 59 

Carried away by gases. . p. 

235 

[== 

The ratio of the kinetic energy of the bullet 
to the total energy available 15 therefore about 
28 per cent. with the Service charge. ‘The 
distribution of the losses will vary with the 
nature of the charge. 

Fig. 4 shows the pressure curves given by 
various charges of flat strip cordite in the 
long 0:303 case; the curve A, for зо grains in 
the short case, is given for the sake of com- 
parison. It will be seen that the pressure 
increases rapidly with the charge. This is 
due ( firstly) to the increase of burning sur- 
face, which is proportional to the charge, and 
(secondly) to the diminution of the net volume 
of the case owing to the greater space oc- 
cupied by the larger charges. 

With a 30-grain charge, the cordite in the 
small case occupies approximately 40 per 
cent. of the volume of the case, leaving about 
60 per cent. to be reckoned as net volume. 
The ro per cent. increase of charge in the 
short case will give a 1o per cent. increase of 
initial surface and nearly 7 per cent. reduction 
of net volume. The increase of initial sur- 
face with flat strip cordite is always accom- 
panied by an increase of the critical velocity. 
On the other hand, with strand cordite, if the 
initial surface is increased by using a smaller 
size of strand and keeping the charge the same, 
it does not follow that the critical velocity is 
increased ; the burning surface is reduced at 
the critical point in a greater proportion with 
thin than with thick strands, so that the critical 
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velocity is much less affected by reduction of 
thickness with strand than with flat strip 
cordite. Thus, by substituting 0'023 for 0'033 
strand, the pressure 1s increased about in 
proportion to the initial surface of the charge, 
that is to say, inversely as the diameter. 
With flat strip cordite, however, the rise of 
pressure is more nearly proportionately to the 
square of the initial surface when the net 
volume is kept constant. This is owing to 
the approximate constancy of surface during 
combustion. Comparing the pressure of a 
3o-grain charge in the short case with that of 
a 44-grain charge in the long case, we find 
that a 47 per cent. increase of surface results 
in a 92 per cent. increase of pressure, or the 
pressure varies nearly as the square of the 
surface, the net volumes being approximately 
the same in both cases. The greater efficiency 
of the cordite burnt in the small case is 
evident, since 30 grains in the short case give 
about the same velocity as 33 grains in the 
long case (although, of course, the pressure is 
somewhat higher), this being due to the higher 
ratio of expansion. Asthe charge 1s increased 
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FIG. 4. —PRESSURE CURVES FOR VARIOUS CHARGES 
OF FLAT STRIP CORDITE IN LONG 0°303 CASE. 


Cordite all burnt at points a, b, с, d, and e. 


TABLE III.—DaATA REFERRING TO CURVES IN FIG. 4. 


A.—30 grains 0° 185 x 0°022 flat strip (short case) 
B.— 33 grains 0° 185 x 0'022 flat strip (long case) 
C.— 36 grains 07 185 х 0'022 flat strip (long case) 
D.—40 grains 0* I85 X 0'022 flat strip (long case) 
E.—44 grains 0* 155 X 0*022 flat strip (long case) 

| 


2 Muzzle Indicated | Mechanical 

Velocity. Energy. Energy. Efficiency. Pressure. 
ft./sec. ft.-Ibs. (0 ft-lbs. Per Cent. tons sq. in. 
2,034 1,970 2,542 77 `5 14°4 
2,058 2,017 | 2,608 7773 13°35 
2,223 2,357 2,974 79°3 15°8 
2,445 2,850 3,592 79'5 20°3 
2,642 3:324 4, 350 76:0 27°6 
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the efficiency 1п the long case becomes greater, 
as will be seen by Table III.; this is the 
result of more rapid burning of the cordite 
under the higher pressure. With the 33-grain 
charge the cordite is all burnt after the buliet 
has moved about 12! inches; with the 36- 
grain charge the distance is ro inches; with 
40-grain, 7 $ inches; and with 44-grain, 5 inches. 
These distances are calculated from the 
velocity of the bullet due to the area of the 
pressure-time diagram, which also determines 
the thickness of cordite burned. "The point 
of maximum pressure occurs earlier as the 
charge is increased, since whilst the critical 
velocity is practically proportional to the 
charge, the pressure increases nearly as the 
cube of the charge; if the pressure only 
increased as the square of the charge, the 
critical point would be the same for all charges. 
By increasing the thickness of the cordite as 
the square root of the charge, and keeping 
the net volume of the chamber constant, the 
efficiency may be kept constant and the point 
of complete combustion the same for all 
charges. The velocity under these conditions 
would vary as the square root of the charge, 
and the pressure directly as the charge. 

Fig. 5 shows the pressure curves for two 
charges in which the surface and net volumes 
were identical, one of them being given by 
45 grains of flat strip made from cordite M.D. 
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Fic. 5.— PRESSURE CURVES FOR Two CHARGES 
WITH EQUAL SURFACES AND NET VOLUMES. 


A A.— Curve for 3076 grains of flat strip, Or Y in. X 
O'OI3 in., in short case. BB.—Curve for 45 grains 
of flat strip 0*1 in. X O'OI9 in., in long case. 


Cordite all burnt at a and б. 


(or modified cordite) o'r inch wide and 
o'or9 inch thick, in the long case; whilst 
the other is given by 30'6 grains of a strip of 
similar material o'I inch X o'or3 inch 
in the short case. It will be seen that the 
two curves are identical until the bullet has 
moved about 4j inches, at which point the 
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thinner strip is completely consumed. From 
this point onwards, the pressure curve of the 
thin strip falls more rapidly than that of the 
thick strip. In the latter case the combustion 
is completed when the bullet has moved about 
IS inches. This experiment seems to prove 
that it 1s the net volume, and not the total 
volume, of the case which determines the 
pressure, since the total volume with the 
longer case is 20 per cent. greater than in the 
short case, and yet the pressures for the equal 
surfaces are identical. A similar experiment 
shows that with equal surfaces and different 
net volumes the pressure is approximately 
inversely as the net volume. 

To sum up, it appears from experiment and 
also from calculation that when the burning 
surface is approximately constant during 
combustion, the pressure for a given net 
volume is proportional to the square of the 
surface, and for a given surface is inversely as 
the net volume. Calculation further shows 
that for equal surfaces and net volumes the 
pressure is inversely as the fourth power of 
the bore. ‘The calculations are made from 
the equations given in Part I., viz. :— 

Critical velocity = volume of gas evolved per 
second — area of bore, 
and log, (P,/P,) = A4. 

The critical velocity is the velocity at the 
point of maximum pressure, апд P, and P, 
are the initial and final pressures for a short 
interval of time Z during which the net volume 
may be assumed to have a constant mean 
value, and А is a constant, the value of which 
is given by (reZume of gas evolved per second 
under the mean pressure — increase of volume 
of chamber per second due fo velocity of bullet) — 
the mean net volume of the chamber during the 
interval t. It will be seen that A continually 
diminishes as the bullet accelerates, and at 
the critical velocity А = o. 

Taking 30 grains of 0*033 strand cordite 
in the Service cartridge, the initial surface is 
about 9°2 square inches. ‘The net volume is 
o'r17 cubic inch. The initial value of A 
is therefore equal to— 

9:2 X volume of gas per square inch of 
surface per second —— net volume of chamber. 

A large number of experiments tend to show 
that about 95 cubic inches of gas per second 
are given off at 60° F. from each square incn 
of surface of cordite at any given pressure, so 
that the initial value of A for the charge we 
are considering is 9*2 X 95 — "117 = 7,470; 
that is to say, the pressure increases from 1 ton 
per square inch to 2*7 tons per square inch 
in 1/7,470 second. 


_ (To be continued.) 


ON THE ELECTRIC CONDUCTIVITY ОЕ A VACUUM. 


By J. A. FLEMING, M.A., D.Sc., F.R.S. 


N the thirteenth series of his 
Experimental Researches on 
Electricity, Faraday discusses 
the question whether a 
vacuum should be considered 
to be a conductor or a non- 
conductor of electricity. ‘The 
subject may seem, to some people, to be of 
purely academic interest and devoid of any 
technical value. Since, however, any increase 
in knowledge concerning the manner in which 
electricity is moved from place to place, and 
its relation to atoms of matter, is extremely 
practical, the consideration of the conductivity 
of a so-called vacuum is not an unimportant 
matter. Since the time of Faraday we have 
been able to make vacua far more complete 
than any attained by him. Nevertheless, any 
vacuum we can make can only be so called 
by courtesy. In air at ordinary pressure there 
are about ro?' molecules per cubic centi- 
meter; hence, even if we can take out from 
any space all but one hundred-millionth of 
the original gas at atmospheric pressure, the 
molecular population of that space must still 
be very large. Sir James Dewar has shown 
that extremely high vacua can be most rapidly 
produced by condensing the residual air in an 
ordinary vacuum by cocoanut charcoal, cooled 
by liquid hydrogen, and it may be possible in 
this way to remove from any space all but a 
very small proportion of the gaseous matter 
present. 

Let us assume that we make a high vacuum 
of one hundred millionth of an atmosphere in 
a glass vessel, and that in it are placed two 
metal plates, say of platinum, at a distance of 
a millimeter apart. Let these plates be con- 
nected to platinum wires sealed through the 
glass. If the plates are cold, it is then 
possible to create between them a difference 
of potential of 100,000 volts or so, and yet 
not cause any discharge or the slightest 
measurable current across the space. А 
vacuum can be made such that an induction 
coll giving a spark of several centimeters 
length in air will not strike across a space 
of one millimeter in the vacuum between cold 
metal terminals. ‘This fact at first sight 
appears to show that a high vacuum is a very 
perfect non-conductor, and this opinion has 
generally been held. 

If, however, we modify the experiment 
slightly, we shall be able to show that the 
highest vacuum we can produce may, under 
other conditions, be a very good conductor. 


Imagine a bulb of glass, made as in Fig. т, 
containing two loops of platinum wire, or 
better still, two carbon filaments. Let this 
bulb be exhausted as completely as possible, 
so that in it the highest attainable vacuum is 
made. To achieve this, the filaments must 
be heated to bright incandescence, whilst the 
exhaustion is goingon. Having done this, if the 
secondary terminals of an induction coil are 
connected to the two separate filaments when 
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B.— Bulb containing high vacuum. 
Ci, Cy.—Carbon filaments sealed in, like an incan- 
descent lamp. 


cold, no discharge will take place across the 
vacuum between them, thus apparently show- 
ing that the space is a very perfect non 
conductor. Suppose, however, that we render 
one or both of these filaments incandescent by 
passing electric currents through them by 
means of two insulated batteries of secondary 
cells, S,, S, (Fig. 2), it will be found, on con- 
necting a sensitive galvanometer G, and a 
single cell S, as a shunt to the two negative 
terminals of the two separate filaments, that a 
current of several milliamperes will pass 
across the vacuum under the electromotive 
force of this single cell. The arrange- 
ments should be as shown in Fig. 2. 
If only one of the filaments is ignited, 
and if it 15 that in connection with the 
negative terminal of the single cell in the 
shunt circuit, then the current still passes ; 
but if the other filament alone is ignited, no 
current, or only a very much smaller current, 
passes. The same experiment can be 
repeated using platinum loops instead of 
carbon filaments, and it shows that a high 
vacuum may be a very good conductor, pro- 
vided that the negative electrode is rendered 
incandescent. This shows that the obstruction 
which a high vacuum offers to the passage of 
electricity 15 not due to the mere reduction of 
the matter in the space (that 15, to the rarefac- 
tion of the gas), but 1s, in some way or other, 
largely dependent upon the temperature of the 
electrodes ; the resistance to the passage of 
electricity through a vacuum can be rendered 
very small by intensely. heating; the negative 
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B.— Vacuum bulb, 

C\.—Carbon filament to be rendered incandescent by 
insulated battery 4. 

G.—Galvanometer, 

S.A single cell sending negative electricity from hot 
filament to the cold one. 


electrode. Hence, such a bulb containing 
two carbon filaments forming the two 
electrodes, one of which can be rendered 
incandescent, will act as a vacuum valve, 
allowing the electricity to pass in one 
direction, but not in the other. It permits 
negative electricity to pass out of the hot 
electrode, but not out of the cold electrode. 
If, in place of a single secondary cell 
(arranged in the shunt circuit, as in Fig. 2, to 
give a direct current), we employ an alternator, 
giving an alternating current, but still keep the 
galvanometer in the circuit, we shall find, as 
was first shown by the writer in 1889, that a 
continuous current passes through the galvano- 
meter ; in other words, the vacuum possesses 
a unilateral conductivity, and separates out the 
two constituents of the alternating current, 
passing one but not the other. This fact was 
first demonstrated and described їп a paper 
by the author of this article, presented to the 
Royal Society in 1889. 

In this respect, such a vacuum valve 
resembles an aluminium-carbon rectifier. It 
is well known that, if a carbon or iron plate 
is placed, together with an aluminium plate, 
in some electrolyte yielding oxygen, then a 
current of positive electricity can pass from 
the carbon to the aluminium, but not in the 
opposite direction. ‘This fact is the basis of 
some devices for rectifying alternating current, 
such as a Nodon valve. To return, however, 
to the vacuum valve. If we take measure- 
ments of the current passing through the 
vacuum when the negative electrode is an 
incandescent carbon filament and the other a 
cold metal plate, and, at the same time, 
measure the difference of potential between 
the electrodes, we find that the conductivity, 
as measured by the ratio of current to voltage, 
is not constant, but varies with the electro- 
motive force. In other words, the resistance 
of the vacuous space does not follow Ohm's 
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law. As the electromotive force is steadily 
increased, the current gradually increases up 
to a certain maximum, and then slightly falls 
again. The firm line curve in Fig. 3 shows the 
general relation between current and voltage 
up to roo volts; and it will be noticed that 
the curve is something like a magnetisation 
curve of iron. It follows that the curve of 
conductivity, represented by the dotted line, 
is a curve rising rapidly to a maximum, and 
resembles to some extent the curve of per- 
meability of iron. 

For an explanation of these facts we must 
fall back upon the electronic hypothesis of 
matter and electricity. According to this 
view, atoms of matter are built up of electrons, 
which are point-charges of electricity ; and an 
atom 1s considered to be made up either of a 
collocation of positive and negative electrons 


Current 
Conductivity 


0 Voltage 


FIG. 3.—CURVE SHOWING THE VARIATION OF 
CURRENT AND CONDUCTIVITY THROUGH THE 
VACUUM VALVE, WITH INCREASING POTENTIAL 
DIFFERENCE BETWEEN THE ELECTRODES. 


in orbital motion round one another, or else 
of negative electrons, or simply of electrons 
scattered throughout a space, which in some 
way or other, not yet understood, constitutes 
a sphere of positive electricity. In any case, 
facts connected with electro-chemistry and 
radio-activity show that atoms can break up, 
by giving off electrons, or can part with one 
or more electrons. Hence, in any mass of 
matter, such as a metal, there must be, in 
addition to the complete atoms or molecules 
constituting the mass, a distribution through- 
out it of free electrons, the percentage of 
these increasing with the temperature. "l'hese 
electrons cannot escape from the mass when 
cold, because if they did they would leave it 
positively electrified. If, on the other hand, 
we electrify the mass negatively to a high 
potential and raise it to a high temperature, 
electrons can escape freely from it. In every 
mass of matter there 1s what we may calla 
certain “electronic pressure”; hence, it follows 
that the resistance which a high vacuum offers 
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to the passage of electricity through it is, in 
fact, the resistance which is offered to the 
ejection or drawing out of electrons from the 
surface of the electrodes. 

In an interesting Paper in the PArlosephical 
Magazine for October, 1904, Lord Kelvin 
sums up the position as follows :—“ The 
labours of many experimenters during the 


last fifty years, and the comparatively modern | 


atomic theory of electricity, have. thoroughly 
confirmed the view that the space of our 
best modern vacua, interstellar and inter- 
planetary space, and generally, space occupied 
only by the luminiferous zther, 15 a very 
perfect non-resister of electricity passing 
through it. Hence, we see that the insulation 
of electricity in a vacuum is to be explained, 
not by any resistance of vacant space or of 
gether, but by a resistance of glass or metal or 
other solid or liquid against the extraction of 
electrions* from it, or against the tearing away 
of electrions or fragments of itsown substance." 
Lord Kelvin enters into some calculations 
of a very interesting kind, estimating the force 
required to extract an electron from the 
negative electrode. Не considers an atom to 
consist of a sphere of positive electricity (it 
may be of positive electrons distributedthrough 
a spherical space), and he calculates the force 
necessary to tear a negative electron out of 
this environment. ‘The force required to 
displace the negative electron whose charge 
is е by a distance x from its position at the 
centre of an atom whose radius is 7, 1s equal 
to ex/7? electrostatic units. Now, the charge 
carried by one electron is known to be 3:4 
x 10 !? electrostatic units, and the radius of 
an atom 15 known to be of the order of 10? 
centimeter. Hence, the force required to 
make x/r = 1/9, or to move an electron 
from the centre of the atom only one-ninth 
part of the way to the atomic surface, is 
320,000 electrostatic units, or equal to 96 
million volts per centimeter ; and the force re- 
quired to extrac^ the electron altogether would 
be equal to 384 million volts per centimeter. 
This, as Lord Kelvin shows, means a strain 
equal to 66* 4tons per square centimeter, and 
would rupture or pull apart the strongest steel. 
It seems, therefore, clearly impossible for 
any electrostatic force which we can create, 
to directly break up atoms or draw out 
electrons from them. On the other hand, it 
is a cardinal principle in the electronic theory 


* Lord Kelvin uses the term e/ec/rion for an infinitely 
small point-charge or atom of negative electricity. 
Most other writers, following the suggestion originally 
made by Professor Johnstone Stoney, call these point- 
charges of electricity, ekctrons. 
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of electricity, that the only way in which an 
electric current can be produced is by the 
movement of electrons. Since, therefore, we 
can produce currents of electricity in con- 
ductors by feeble electromotive forces, it 
follows that free electrons must exist within 
the metal. We picture to ourselves, there- 
fore, a mass of metal as follows : — 

It is composed of atoms, each one of which 
is a complex structure of electrons in motion 
and vibration. Owing to collisions and 
mutual reactions, electrons are detached 
from some atoms, and constitute free point- 
charges of negative electricity, which remain 
mixed up with the atoms. The remainder 
of the atom from which the electron is 
detached 15 therefore positively charged, and 
may be called a positive ion. ‘The free 
electrons are continually being set free from 
atoms, and taken up again by others. Hence 
at any one moment there is a certain per- 
centage of complete atoms and a certain 
corresponding percentage of free electrons 
and positive ions. ‘The equilibrium is 
dynamic, and no doubt determined by 
temperature. The free electrons can move 
about between the atoms and comport them- 
selves like molecules of gas in a vessel. 
‘They cannot leave the metal, because, if 
they did, it would be positively electrified. 
Hence any attempt of an electron to remove 
itself from the conductor is strongly resisted. 
On the other hand, the electrons diffuse from 
one place to another in the same mass, if by 
any reason the concentration of electrons is 
different at the two places. 

Creating an electromotive force in a 
metallic mass merely means that we make a 
difference in concentration or density of free 
electrons between different places, or that 
the number per cubic centimeter is greater 
at one place than at the other. "Then there 
is a tendency for electrons to migrate or 
diffuse from the place where they are most 
numerous to places where they are less 
numerous. ‘This diffusion of electrons con- 
stitutes an electric current. Electronic 
movement under variation of concentration 
follows the same laws as the diffusion of 
solids in solutions. This law, moreover, 
when mathematically considered, leads at 
once to the well-known law of Ohm defining 
the current under various electromotive 
forces in a conductor. 

Suppose, then, that we seal two platinum 
wires into the opposite ends of a glass tube, 
and connect these two wires to a battery, or 
induction coil, or transformer. ‘These appli- 
ances are virtually eæctron pumps, and force 
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` an excess of electrons into one piece of 
platinum and make a deficit in the other. 
‘The one which has an excess of electrons is 
the negative electrode. If the pressure is 
great enough, electrons may be projected 
from the negative electrode. If, however, 
the electrode is surrounded by air molecules at 
normalair pressure, the electrons projected from 
the metal never attain a very high velocity. 

Imagine, now, the gas molecules greatly 
reduced in number—in other words, the air 
in the bulb rarefied and a “ vacuum” made. 

We have three broadly marked conditions 
to consider. We may have the * vacuum" 
low or high. We may have the electrodes 
cold or incandescent We may have the 
electronic pressure difference, or voltage 
between them, small or large. 

Let us define these conditions тоге 
closely. The vacuum is said to be low when 
the original normal air pressure in it is 
reduced to one-thousandth of an atmosphere, 
or it may be only to one three-hundredth. 
It is said to be high when it is reduced to 
one hundred-millionth of an atmosphere. 
The electrodes are said to be cold when not 
in any way specially heated. They are 
incandescent when brought to a bright white 
heat by some external means. ‘The voltage 
is said to be small when the difference of 
potential between the electrodes is only a 
volt or two. It is said to be large when it is 
some hundreds or thousands of volts. 

The phenomena which take place when 
the “vacuum” is not very high (that is, when 
the residual gas pressure is only about one- 
thousandth of an atmosphere) and the 
electrodes are cold, are very complicated. 
In this case we have an enormous number of 
gaseous atoms per cubic centimeter still left, 
and we have all the beautiful but complex 
phenomena shown by an ordinary vacuum 
tube, provided the potential difference of the 
electrodes is made sufficiently great (that is, 
providing it amounts to some hundreds or 
thousands of volts) The study of these 
phenomena has given occupation to a large 
number of the most distinguished physicists, 
and it has taken them at least half a century 
to unravel them. When the vacuum is very 
high (that is, if the residual gas pressure is 
something less than one ten-millionth of an 
atmosphere) the phenomena become simpli- 
fied. We then observe the well-known 
effects of the Crookes or Rontgen tube. 
The electrons in the negative electrodes are 
projected from it, owing to the great electric 
force, with very high velocities ; and as their 
path is not sensibly disturbed by the sparsely 
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distributed molecules of the remanent gas, we 
have all the phosphorescent and other re- 
markable effects due to the bombardment of 
these electrodes, and their impact against the 
glass walls of the vessel or objects placed in 
the tube. ‘This state makes itself evident by 
the apple-green phosphorescence of the glass 
vessel. 

We may have a third set of conditions. If 
the negative electrode is heated to a very 
high temperature, then even if the clectric 
potential of this electrode is low (that is, if 
there is only a volt or less difference of 
potential between the two electrodes) we have 
a very considerable current of electricity 
passing across a very highly vacuous space. 

This can only be accounted for by the fact 
that the incandescent carbon or metal which 
forms the negative electrode is emitting vast 
numbers of these electrons or point-changes 
of negative electricity. ‘These are flung out 
of the heated metal by the high velocities 
which they attain. Just as it would be possi- 
ble to impart to a projectile such a velocity 
as would carry it beyond the earth's attraction, 
so the electrons present in the metal, when 
its temperature is high enough, are flung out 
of the mass; and if that mass is kept at a 
high potential this torrent of negatively- 
charged electrons is a current of electricity. 

We have in these facts an explanation of 
many well-known phenomena. One effect in 
the case of incandescent electric lamps has 
been much studied by the author: as it 
was first noticed by Mr. Edison, it 1s usually 
called the Edison effect. А plate of 
platinum or other metal Р 15 attached to a 
platinum wire, and this last 1s sealed into the 
bulb of an incandescent lamp L. ‘The plate 
is placed as shown in Fig. 4. If, then, 
the filament is rendered incandescent by a 
continuous current, and if we connect a 
sensitive galvanometer G between the posi- 
tive terminal of the filament and the terminal 
of the plate, we find a current of several 
milliamperes passing through it. If, how- 
ever, we connect the galvanometer between 
the negative terminal and the plate, no 
current flows. Again, if we render the fila- 
ment incandescent by an alternating current, 
we can draw off a continuous current by 
connecting a galvanometer between the plate 
terminal and either of the terminals of the 
filament. ‘These phenomena are susceptible 
of explanation by the fact that negative 
electricity (that is, electrons) сап escape 
freely from the hot carbon filament, and 
hence move across the high vacuum and enter 
the positively electrified plate. ‘The same 
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thing can be shown 
with.an electric 
arc. The writer 
showed many years 
ago, that if a thin 
carbon rod (or 
better still, an iron 
tube M, closed and 
made chisel-shaped 
at one end, and 
cooled by water led 
into the interior) is 
placed with its 
sharp end just 
dipping into the 
electric arc, then a 
continuous current 
can be drawn off 
by a wire connect- 
ing this third pole 
with the positive 
carbon of the arc, 
and rendered evi- 
dentonanammeter 
А (see Fig. 5). 

On the other hand, no current, or very little 
current, passes through a wire connecting the 
negative carbon and this middle pole ; or, if 
the arc 15 formed with an alternating-current 
of electricity, in a wire which connects either 
carbon to a cool middle pole dipping into 
the arc. 

These things are all consequences of the 
jec that incandescent carbon and metals 
send out vast numbers of electrons. In 

other words, an 

incandescent mass 
of carbon is fling- 
! ing negative elec- 
tricity out of itself. 
If it is surrounded 
by air at ordinary 


FIG. 4. 


L.—Anordinary carbon fila- 
ment incandescent lamp. 
C.—The carbon filament, 
rendered incandescent by a 

continuous current, 

P.—A metal plate, sealed 
through the glass. 

G.— Galvanometer through 
which fow negative elec- 
trons from the plate P 
when the other terminal 
of the galvanometer is 
connected to the positive 
of the filament. 


M pressure the effects 

\ x-»—- of this are not very 

Cel с marked,because the 
presence of vast 

} numbersofair mole- 
cules round the 


Fic. 5.—A CONTINUOUS 
CURRENT DRAWN OFF 
FROM AN ALTERNATING 
CURRENT ARC LAMP. 


C, Cy.—Carbons of the 
alternating are. 

A. — Continuous 
ammeter. 

M. —Jollow tron pole kept 
cold by circulating water. 
Negative electricity flows 
through the ammeter fiom 
one carbon to the metal 
pole. 


metalkeepstheelec- 
trons from making 
their way very far. 
They must, how- 
ever, exercise an 
immense physical 
effect, and the 
everyday pheno- 
menon of a coal fire 
and the combustion 
of carbonby oxygen 


current 
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is without doubt intimately connected with 
it. Let us see what account the electronic 
theory can give of such a familiar fact as the 
combustion of a piece of coal or carbon. 

To begin the combustion, the carbon must 
be raised to a high temperature. As already 
explained, this is accompanied by a dissocia- 
tion of carbon atoms. We have present in 
the mass of carbon not only complete carbon 
atoms, but free electrons or point-charges of 
negative electricity. Therefore there must. 
also be the residues called “carbon positive 
lons," which are the result of depriving the 
carbon atom of one or more electrons. The 
carbon aiom is with good reason supposed to 
be built up of about 12,000 electrons, and of 
these it can lose four negative at most. For 
every four free negative electrons which have 
escaped, or been flung out from a carbon 
atom, there will be left one positive carbon 
ion containing 12,000 or 50, Zess four negative 
electrons. Outside the carbon there are the 
atoms of oxygen and nitrogen composing 
the air. Various atoms can, with different 
degrees of facility, either lose or take up 
additional electrons. Electro-chemical facts 
indicate that the oxygen atom can acquire or 
take up two additional negative electrons 
over and above the 16,000 or so which are its 
normal constituent number. 

Hence, we may consider that, of the elec- 
trons projected from the hot carbon, some 
at least find their way into oxygen atoms, 
giving them a negative charge of electricity 
and converting them into negative oxygen 
ions. 

There will, therefore, be a strong electric 
attraction between the positive carbon ions 
near the surface of the glowing carbon, which 
have lost four electrons, and the negative 
oxygen ions hard by, which have each gained 
two electrons. ‘This electric attraction will 
be satisfied if two oxygen ions draw near to 
one carbon ion and form a closely united 
ionic group, or carbonic dioxide molecule 
represented by the chemical symbol CO,. 
These groups being electrically neutral, 
remove themselves out of the sphere of 
action, and are the product of combustion of 
the carbon. As fast as the carbon ions and 
free electrons are removed from the glowing 
carbon, fresh ones are formed to keep up 
the number, and so the process goes on. 

The temperature of the burning carbon is 
kept up by the conversion of potential 
energy of the oxygen ions and the carbon 
ions into atomic kinetic energy. The 
electrons in each ion are set in rapid 
vibration, and this in turn creates waves in 
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the aether, which are the radiated heat and 
light. ‘The process is therefore continuous 
and self-supporting. ‘The combination of 
the carbon and oxygen ions maintains that 
temperature which is necessary for the 
continual production of the electrons in the 
carbon, and when it is begun at one point in 
the mass it speedily spreads all over it. 

The nitrogen atoms take little part in the 
process. ‘They do not quite so easily take 
up electrons as do the oxygen atoms. Hence, 
they are not in a condition to combine 
with the carbon ions. 

The above process is typical, and pro- 
ceeds when any metal is heated in air and 
oxidised or burnt. Returning, then, to the 
vacuum valve, the writer of this article has 
recently discovered, and announced to the 
Royal Society, an important property possessed 
by a high vacuum when the electrodes are at 
very different temperatures. 

А glass bulb contains a carbon filament, such 
as would be used for an incandescent lamp, 
and is surrounded by a metal cylinder not 
touching the filament, the said cylinder being 
connected to a platinum wire sealed through 
the glass. Such an arrangement possesses 
the property that when the filament is 
rendered incandescent, negative electricity 
can pass from the hot carbon to the cold 
cylinder, but not in the opposite direction. 


Fic. 6.— VACUUM VALVE FOR RECTIFYING 
ELECTRICAL OSCILLATIONS, 
L.—A glass bulb highly exhausted, 
F.— Carbon filament. 
B.—Jnsulated battery. 
C.—Cylinder surrounding filament. 
A.—Ammeter or galvanometer. 
S.— Coil in which secondary oscillations are induced by 
a primary coil P. 


This arrangement may act as a vacuum valve 
if used in the following manner :—Let the 
filament be, for example, a r2-volt carbon 
filament. It must be rendered incandescent 
by a small insulated secondary battery B. 
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To the negative terminal of this filament is 
connected one end of a circuit which includes 
a sensitive galvanometer А, and the other 
end of the same circuit is connected to the 
terminal of the metal cylinder C. This circuit 
may include the 

secondary coil of 

a small trans- 

former or air 

core induction A 

coil S, P (see Fig. 

6) If, then, 
electric oscilla- 

tions are created 

in the primary 

circuit. of this 
transformer by 

the discharge of P 
a Leyden jar 

or any other 
method, these 

very high fre- 
quency alternat- Fig, 7—Vacuum VALVE USED 
ing currents as RECEIVER IN WIRELESS 
produce other TELEGRAPHY. 

high frequency A.—Aerial wire. 

currents in the 2, S.—Oscillation transformer. 


circuit which in- jm jio valve. 
.— Battery. 
cludes the gal- C.— Galvanometer. 


vanometer and 

the high vacuum. Only one of these sets of 
currents, however, can pass round the circuit, 
viz., that which is due to a movement of 
negative electricity from the hot filament to 
the cold cylinder. The movement of elec- 
tricity in the opposite direction is prevented, 
hence the galvanometer gives a deflection and 
is traversed by a continuous current. ‘This 
enables us to employ a sensitive mirror 
galvanometer for detecting electric oscilla- 
tions. 

We may modify the experiment and make 
use of the apparatus to show many interest- 
ing effects. We may, for instance, set up an 
electric oscillation by the discharge of a 
condenser in one circuit. ‘This discharge 
produces, as is well known, a rapid alternating 
current dying away in intensity ; the current 
flows first in one direction and then in the 
other, the interval of time between them 
being exceedingly small, perhaps of the order 
of a millionth of a second. "hen at a dis- 
tance several feet or several yards away, we 
may set up another circuit including a 
galvanometer and a vacuum valve, and we 
may produce, as above described, a deflection 
in the galvanometer showing it is traversed 
by a continuous current when we set up an 
alternating current in the ,primary circuit by 
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the discharge of the condenser. We can 
then show that the high-frequency magnetic 
field which is producing this effect 15 entirely 
arrested by thin sheets of metal; for if we 
hold a sheet of tinfoil between the primary 
and secondary coils, the deflection of the 
galvanometer at once ceases. We can also 
make use of such an arrangement as a re- 
ceiver for wireless telegraphy; it is not so 
sensitive, however, as the coherer or the 
magnetic detector, but is very useful for many 
purposes. It would then be used in the 
following way: Between the wrial wire A 
and the earth plate is inserted one circuit 
P, of an oscillation transformer or induc- 
tion coil, the other circuit S including a 
vacuum valve V and galvanometer G, 
as already described (see Fig. 7). If, then, 
electric waves from a distance fall on the 
arial wire, they set up in it rapid electric 
oscillations,and these induce other oscillations 
in the circuit of the vacuum valve. 

If the vacuum valve has its carbon filament 
ignited by a small battery, it will permit only 


‘Technics 


one of the constituent currents of the electric 
oscillation to pass, 77z., that for which the 
movement of negative electricity is from the 
hot carbon to the cool surrounding cylinder. 
Hence the galvanometer will give a steady 
deflection all the time the clectric waves are 
falling on the wire, and if the galvanometer 
is that type of instrument called a “ speaking 
galvanometer " (or one which responds very 
quickly to the rise and fall of current through 
it), it will give deflections larger or smaller 
in proportion as the wave trains falling upon 
the апа! are longer or shorter, and in this 
manner signals in accordance with the Morse 
alphabet may be transmitted. and. rendered 
visible by the deflections of the galvanometer. 

A galvanometer of the above kind is used 
in submarine cable telegraphy, and we can 
employ precisely the same instrument by the 
aid of a vacuum valve in connection with 
wireless telegraphy. 

These, then, are some of the practical 
problems to which we are led by the study of 
the electric conductivity of a vacuum. 


THE PRESSURE OF LIGHT. 


HEN a body rebounds from a 
surface it exerts an impulsive 
force on the surface, owing to 
the reversal of its momentum. 

If the body possesses a mass of » grams, and 
its velocity normal to the surface changes 
from + v to — v centimeters per second 
during the rebound, then the change of 
momentum is equal to 2». If л bodies 
rebound from a square centimeter of the 
surface in one second, the pressure on the 
surface will be equal to 2mmz dynes per square 
centimeter. According to the corpuscular 
theory of light, a beam of light was supposed 
to consist of numerous particles possessing 
inertia, travelling with a definite velocity т. 
Consider a beam of one square centimeter 
sectional area, totally reflected normally at a 
plane surface ; then if each particle possesses 
a mass m, and there are 7 particles in one 
centimeter length (or one cubic centimeter 
volume) of the incident beam, the number 
of particles reflected per second from a square 
centimeter would be xv, and the pressure 
exerted on the surface would be equal to 
27 v.v = 2n mv*, But the kinetic energy per 
cubic centimeter of the incident beam is equal 
to тт? [ 2, and that of the reflected beam has 
an equal value; therefore, the pressure pro- 
duced would be equal to twice the total kinetic 
energy per unit volume in the space common 


to the incident and reflected beams. In 1876 
Dr. S. Tolver Preston derived a similar 
result from arguments relating to the 


transmission of energy by belting. Maxwell 
proved that the same result holds accord- 
ing to the electro-magnetic theory: the 
energy of the field is half kinetic and half 
potential, so that the pressure is equal to 
twice the energy per c.c. of the incident 
beam, or the total energy per c.c. in both 
incident and reflected beams. Lebedew, 
and later Nichols and Hull, have detected 
and measured the pressure due to light, and 
have found it to be in agreement with the 
results predicted by theory. Quite recently 
Professor Poynting has found that when light 
Is transmitted obliquely into glass, there is a 
tangential force exerted on the surface ; this 15 
due to the fact that the direction of motion of 
the tubes of force 1s changed on passing at an 
angle into an optically denser medium. It 
has generally been supposed that elastic solid 
waves, and pressural waves (such as constitute 
sound) exert no pressure on a surface on 
which they fall; but Professor Poynting has 
found that, taking account of quantities of 
the second order of magnitude, which are 
neglected in the ordinary investigations, a 
pressure equal to the energy per unit volume 
of the wave train is also exerted in these 
cases. 


THE THEORY AND PRACTICE OF STEAM GENERATION. 
[AM Rights Reserzed.] | 
Parr I. 
By JOHN B. C. KERSHAW, F.I.C. 


INTRODUCTION. 


N this series of articles the 
writer intends to cover, so 
far as limits. of space will 
allow, the whole of the 
ground relating to the theory 
and practice of steam genera- 
поп. The subject will be 

dealt with under the following headings :— 

I. The Raw Materials. 

2. The Theory of Steam Gencration in 
Boilcrs. 

3. The Steam-raising Plant. 

4. The Chemistry of the 
Process. 

5. The Control of the Combustion Process. 

6. Test Results, and methods for attaining 
increased Efficiency. 

А separate article will be devoted to cach 
of these divisions, and the whole series will 
thus form, it is hoped, a useful contribution 
to the literature of the subject. 

The steam-boiler plant in the past has 
been grossly neglected by chemists and 
engineers; and the result is, that in most 
large works and central power stations there 
15 at present more scope for effecting economy 
and improvement in the boiler-house than in 
any other portion of the plant. Smoke pre- 
vention and fuel economy are, in fact, largely 
questions of scientific supervision in this 
department. In time, the writer believes 
that such supervision and attention in all 
large works will become general; and that 
not only clearer skies, but great economies 
in the cost of steam power will result from 
the changed attitude, and from the adoption 
of scientific in place of rule-of-thumb methods, 
in the control of boiler installations. Sixty 
years ago the pioneer in this movement for 
more scientific control of the use of coal for 
steam production—C. Wye-Williams—stated 
that smoke was produced and fuel was wasted 
because the chemistry of combustion had 
been neglected, not in the laboratory but in 
practice; and because the construction of 
boilers and furnaces had been too much 
left to those who knew little of the chemical 
properties of the materials consumed in them. 
It is sad to have to confess that this state- 
ment is practically as true to-day, as in the 
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year 1840 when written by Williams; and 
that the writings and efforts of that author 
and his followers have produced, even in 
sixty years, so little change. 


MATERIALS OF STEAM 
GENERATION. 


Fuel.—Yhe form in which fuel may be 
used under steam boilers, in order to produce 
the heat energy which it is desired to utilise 
in the form of steam, is exceedingly diverse. 
Natural fuels are either solid or liquid, but 
both varieties may, by aid of suitable 
apparatus and plant, be converted into gaseous 
fuel. A natural gas which may be used as 
fuel is also found in certain localities in 
Europe and America. In the latter ccuntry 
it is largely used for lighting and heating 
purposes. At the present time there is a 
decided tendency to employ fuel-gas in place 
of solid fuel for many purposes in the arts 
and industries. ‘The control of the com- 
bustion process is much more easily carried 
out when employing fuel-gas than when 
using solid fuel; and the loss of heat which 
occurs in the gas-producing plant is to some 
extent balanced by the value of the ammonia 
and tar products, obtained by suitable treat- 
ment of the producer-gases. Although 
gaseous-fuel has not been applied on any 
considerable scale to the firing of steam- 
boilers in this country, this method of steam- 
raising will receive increased attention and 
application in the future; and, in the writer's 
opinion, the increased use of fuel-gas is 
likely to provide one solution for the smoke 
problem which now confronts manufacturers 
using solid fuels for heating purposes in large 
cities. The use of liquid and gaseous fuels 
for steam-raising purposes is, however, de- 
serving of more extended treatment than 
could be accorded to the subject in these 
articles, and therefore only solid fuels will be 
dealt with in this and the following articles. 

Solid fuels may be classified. as follows :— 
Wood, peat, lignite or brown coal, bituminous 
coal, semi-anthracite, anthracite, and coke. 
The first four of these are not much employed 
in this country for steam-raising purposes, 
and only the last three will be described at 
length in this article. 


THE Raw 
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Bituminous Coal—This is the type of 
coal employed most generally on land for 
firing boilers, since it 15 much cheaper than 
the anthracite and semi-anthracite fuels, and 
when burned under scientific conditions, can 
be used so as to produce high efficiency and 
little smoke. The following are analyses * 
of a typical bituminous fuel from the Lanca- 
shire district; but all fuels containing over 
20 per cent. of volatile matter come under 
this classification. 


Approximate Analysis. 
Volatile matter 29:10 per cent. 
Fixed carbon. 58:04 /—,, 70790 per 
Ash . . . 12°86 " cent. coke. 
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Elminia Analysis. 


с 72°60 per cent. 
H.. . . 479 yy 
Ou ue воз S328 » 
S. 4 1°64 " 
ING sor. ою, 2 o°7I T 
Ash. . . 12°86 a. 


The calculated calorific value of this fuel 
was in round numbers 7,000 Ib.-centigrade 
thermal units, equivalent to 12,600 British 
thermal units. It is interesting to note 
that it contained 3°89 per cent. of H, over 
and above that required to combine with 
the 7°28 per cent. of free oxygen present in 
the coal ; while 14°56 per cent. of the carbon 
was present in some form which yielded 
volatile hydro-carbons on heating. Although 
much has been written upon the subject of 
_ coal, the exact constitution and state of the 
various chemical elements before heating is 
still unknown ; and it is an undecided point 
as to whether the О and Н and volatile 
portions of the carbon are present in coal in 
the free or combined state. 

Approximate analyses of other bituminous 
fuels, with their calculated calorific values 
in lb.-centigrade units, are given below :— 


; Calculated 


No. Ash | Volte Coke. Calorific 


Matter, 


| per cent. | per cent. | per cent. 
| | 


6°50 36°50 


63°50 | 7,703 


i 


| 
| 
| 
| 
| 


I 12°45 27°90 72°10 7,565 
2 13:90 31°00 69°00 7:347 
3 | 6:20 | 33°30 66°70 8,041 
4|. 775 | 3400 66°00 7,704 
5 І 

| 


* From tests made by Dr. Hethrington. 


All the above tests were made on samples 
dried at 230^ F., and the low percentages 
of ash contained in samples Nos. 3, 4, and 5 
were due to their being washed slacks of 
exceptional cleanliness. When the percent- 
age of volatile matter, yielded by a fuel on 
heating, rises above 35 per cent., the fuel is 
exceedingly difficult to burn without smoke 
production. The percentage of volatile 
matter given off by a fuel is in reality a 
measure of the difficulty of burning it under 
the boilers, with perfect combustion of its 
component parts. Bituminous coals contain- 
ing over 36 per cent. of volatile matter are 
known as “ cannel” coals, and are used chiefly 
for gas-making purposes. All bituminous 
fuels require careful management and large 
brick-lined combustion chambers, if they are 
to be burned without smoke. 

Semi- Anthracite or Steam-coatls. — Fuels 
which, when heated, yield from то per cent. 
to 20 per cent. of volatile matter are known 
as semi-anthracite or steam-coals. ‘They are 
very largely used for steam-raising purposes 
in the Royal Navy, and by factories located 
in cities where smoke prosecutions are fre- 
quent. Approximate analyses of typical 
semi-anthracites are given below :— 


Volatile S HIE 


Matter. 


per cent. | per cent. | per cent. 


14°95 10°00 
15°25 11°80 
10°00 12°50 
10°75 13°60 
8°85 15°50 


Fuels of this type can be burned without 
smoke production in most types of boiler- 
furnace, and they do not require large com- 
bustion chambers or very skilled management 
in order to obtain perfect combustion. As 
shown by the approximate analyses, the 
greater portion of the fuel remains as an 
incandescent mass of coke after the pre- 
liminary heating upon the fire-bars of the 
furnace, and radiation transfers the heat 
from this mass of glowing fuel to the water 
in the boiler. 

Anthracite.—Anthracite is the nearest ap- 
proach to coke in chemical constitution 
which 15 found naturally, but it differs from 
coke in its physical properties, being very 
dense and of shining appearance. Anthracite 
gives otf only from 3 to 1o per cent. of volatile 
matter when heated, and consists chiefly of 
fixed carbon, with little oxygen or hydrogen. 
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The following is an approximate analysis of 
a typical South Wales anthracite fuel :— 


Ash, Volatile matter. Coke. Calorific value. 
1°70% 3°64% 96°36% 8,305 


Anthracites are difficult to ignite, owing to 
their density and low percentage of volatile 
matter; but under proper conditions this 
type of fuel can be burned completely, and it 
yields a very intense but localised heat. 
Anthracite is chiefly used in metallurgical 
operations, and is not employed to any great 
extent for steam-raising purposes; but when 
so employed no combustion chamber is 
required and the boiler surface may be placed 
. close to the mass of burning fuel. 

Coke.—Coke is the porous mass which 
remains behind after heating any natural or 
artificial fuel to redness, without access of air, 
in a closed vessel or retort. ‘This process is 
known as that of “dry-distillation.” The vola- 
tile matter under these conditions is driven 
off, and the fixed carbon and the ash con- 
stituents of the fuel remain in the retort. 
The greater the percentage of volatile matter 
driven off, the more porous is the coke which 
remains in the closed vessel in which the 
heating has been carried out. When wood 
or bone is employed as raw material, the 
product is generally termed charcoal, and the 
term coke is reserved for the product obtained 
by the dry distillation of cannel or other 
bituminous fuels. The greatest proportion of 
coke is obtained in this country as a by- 
product in the manufacture of coal gas, and 
is known as gas-coke; but very large quantities 
are also produced for use in the iron industry, 
special coking plants being attached to most 
large blast-furnace installations. 

'The use of coke for steam-raising purposes 
is very limited, since its price is comparatively 
high; but it is sometimes purchased and 
mixed with bituminous fuel, to lessen the 
trouble from smoke in very heavily worked 
boiler plants. Coke can be burned com- 
pletely without any combustion chamber. 

The following is an approximate analysis 
of a typical coke :— 


Ash.  Volatile matter. Coke. Calorific value. 
18:855 1°90% 98:109; 6,972. 


Owing to the loss of the volatile constituents 
of the fuel, the percentage of ash in coke is 
always higher than that of the original fuel. 

Origin of Fuels —All naturally occurring 
solid fuels are held to be modifications of 
wood and woody fibre ; absence of air, heat, 
and pressure being the agencies which bring 
about this decay and fossilization of the 
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vegetable matter. Classified in order of their 
age, we have the following list of solid fuels :— 

Wood, peat, lignite, soft or bituminous coal, 
hard or steam coal, and anthracite. Geolo- 
gists assert that the last-named is the oldest 
of the natural solid fuels. Cellulose, the 
chief constituent of wood and woody fibre, is 
represented by the formula —C, H,, O;, and 
contains 44 per cent. only of carbon ; while 
anthracite contains 9o per cent. 'l'he process 
of conversion of wood into coal is thus accom- 
panied by a gradual escape of the oxygen and 
hydrogen, which make up 56 per cent. of the 
weight of cellulose, and a gradual increase in 
the density and hardness of the product of 
this change. — Lignite, soft or bituminous 
coal, and hard or steam coal, are the succes- 
sive stages in the conversion of wood into 
anthracite. Peat is a similar product from 
the plant life which grows in bogs of less 
age, and therefore of less fossilized character, 
than coal. In peat, the percentage of volatile 
matter which is given off on heating is often 
as high as 65 per cent., and the solid carbon 
is thus less than one-third of the total weight of 
the peat. Time, heat, and pressure would no 
doubt convert peat into a fuel resembling coal. 

Petroleum and natural gas are fuels that 
have been produced by another series of 
changes in the strata of the earth’s crust ; but 
limits of space will not permit of any discus- 
sion of the various theories relating to the 
formation of these products. 


THE TESTING AND VALUATION OF FUELS 
FOR COMMERCIAL PURPOSES. 


No raw material used in our industries is 
bought and sold with less attention to scientific 
data than coal. 

The usual plan is to buy without any pre- 
liminary testing, and to imagine that all coal 
from the same colhery, or from the same 
seam, must have the same composition, ash 
contents and thermal value. "This is a gross 
fallacy, and would be dispelled, for most 
people, by a visit to the bottom of a coal-pit. 
One colliery is often working two or more 
seams of coal of very diverse character, and 
the layers of shale and dirt above and below 
the two seams are necessarily disturbed, and 
brought in varying quantity with the coal to 
the bank. It is evident, therefore, that the 
coal as delivered in the waggons can have 
no fixed or definite value. ‘The only safe 
plan for checking the supplies, therefore, 15 
to follow the example of checking other raw 
materials, and to sample and test the coal as 
delivered, at short intervals of time. This 
system of checking the quality of coal sup- 
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plies is now followed in many of the more 
scientifically-managed | manufacturing indus- 
tries of this and other countries, and in time, 
the writer believes, it will become general. 
The sampling of fuel should be carried out 
in accordance with the rules followed for 
sampling other bulky materials: that is to say, 
a fairly large sample containing a fair propor- 
tion of lumps and smalls should be subjected 
to repeated crushings and quarterings, until 
only a few pounds remain. From a one- 
pound sample of this remainder, the chemist, 
by following the same method, can obtain a 
finely powdered sample of a few grams, which 1s 
truly representative of the main bulk of the fuel. 
The laboratory examination of fuel should 
cover tests for moisture, ash, coke, fixed 
carbon, volatile matter, and calorific value. 
The methods and apparatus required for 
these tests will be described by the present 
writer later, in a special article dealing with 
“ Fuel Testing for ‘Technical Purposes.” 
From the results of this approximate analysis, 
the calorific value can be calculated by means 
of a formula —worked out by a French chemist 
named Goutal. ‘This formula is as follows :— 


P= 82C + aV. 
Here P is the calorific value, C the percentage 
of fixed carbon, V the percentage of volatile 
matter, and a a variable co-efficient, depend- 
ing on the amount of ash and water in the 


fuel. Using the formula— 
ya; хв 
C+ V 


the following values are obtained for (a) :— 
25 30 35 38 4o 
(a) 2145 130 117 109 тоз 98 94 85 8o 
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and if these figures be presented in graphic 
form, we obtain the diagram reproduced in 
Fig. т. 

The calorific values of a very large number 
of fuel samples have been calculated by the 
writer by aid of this formula, and have been 
compared with the values obtained by direct 
tests—and in most cases the agreement has 
been close, and the margin of difference 
within 21 per cent. 

Since the prices of different coals vary 
within very wide limits, and the calorific 
values also differ greatly, it is not at first 
sight easy to determine which 15 really the 
better coal for the money. The following 
method of comparison may then be applied, 
in order to enable a correct judgment to be 
arrived at. ‘The prices of different coals 
delivered. in the bunkers at the works are 
expressed in pence per ton, and this figure is 
then divided into the thermal units—obtained 
either by calculation or by direct test—for that 
particular fuel. The result is the calories 
purchasable per penny of outlay. Provided 
that correct conditions of stoking and draft 
are used in burning the fuel under the boilers, 
that coal will prove the most economical 
which comes out highest in this comparison. 

That wide variations exist in the value of 
coals when judged by this method, is proved 
by the following list of six typical coals, with 
the calories purchasable for one penny of 
outlay :— С 

No. 1.—Calories per 14... 30°6 
1 EIN o. 2.— Calories бег Id.. pM 
Hard: odis No. 3.— Calories рег 14...57 '2 


Soft Coals No. 2.— Calories per 14...66'3 


Pangan NM 1.— Calories per 14...53°2 
No. 3.— Calories per 12...86:2 


The calorie used is the lb.-centigrade unit. 
To obtain British thermal units, multiply by 
1:8. One lb. of water at 212° Е, requires 
537 centigrade units, or 065° 7 British thermal 
units of heat, to convert it into steam at the 
same temperature ; and the evaporative power 
of a fucl is therefore obtained by dividing the 
calorific value by one of these numbers. 

In many places, actual steam-raising trials 
are made when placing fuel 
contracts; and the choice of 


14 — fuel is more often decided by 
[DIT [| the results of these, than by 
СЕЕ \ — consideration of the laboratory 
Г [] test results. 

+H + In the writer's opinion, the 
TT С] discrepancies which often oc- 
пиш J cur between the two methods 
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of judging the value of a fuel 
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are due to the fact that each coal requires 
special conditions of air supply, grate length, 
firebars, etc., in order to obtain the highest 
efficiency when burning it; and this adaptation 
of the furnace conditions to each particular coal 
ts seldom made. ‘The practical steam-raising 
trials as at present carried out, are therefore 
not an exact test; and the laboratory test is 
to be preferred, as much less expensive and 
troublesome to carry out, and more scientific- 
ally exact in its results. 

The increasing attention which is now 
being given to the calorimetry of fuel is, how- 
ever, tending to increase confidence in the 
results obtained. Intime, the writer has little 
doubt that large fuel contracts will be based 
on the results of laboratory tests; instances 
have already come under his notice in which 
coal has been sold on such a basis of valua- 
tion. 

Water.—The water intended for use in 
boilers for steam-raising purposes cannot be 
too pure. ‘The popular idea that rain-water 
or condenser water is too pure for use in 
boilers is fallacious, for their corrosive action 
is due, not to their purity, but to the dissolved 
gases present in these waters. These gases 
escape on heating, and pitting or corrosion 1s 
often found around the feed-pipe of boilers 
fed with such * pure" waters. ‘The oxygen, 
carbonic acid, and other dissolved gases, 
which cause the pittings and corrosion, are in 
reality impurities of the water. In most 
cases, heating the feed-water to 212° Е, 
before it enters the boiler is sufficient to 
remove them. In cases where pre-heating is 
impossible, treatment with caustic lime is 
generally sufficient to minimise the evil. 

But water containing only gaseous impuri- 
ties is not often available for steam-raising 
purposes ; and the waters used for feeding 
boilers most usually contain calcium carbon- 
ate and sulphate, and the corresponding 
magnesium salts in solution as impurities. 

The total amount of solid matter dissolved 
in natural waters varies from a few parts per 
100,000 in good waters, up to several hundred 
parts in bad waters. ‘The water supply of 
Liverpool, which is drawn chiefly from Lake 
Vyrnwy, in North Wales, contains only 6:8 
parts per 100,000 ; but this water is of excep- 
tional purity. All surface waters are, when 
free from sediment, purer than well waters. 
Water pumped from artesian wells sunk 
through the chalk strata of the earth's crust 
is, as a rule, most highly charged with lime 
salts, and is often too impure to be employed 
in boilers without some preliminary treatment 
with chemicals, to remove portions of these 
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impurities. The clearness of a natural water 
Is no guide to its suitability as a boiler feed- 
water, and only chemical tests can be relied 
on to decide this point. All waters con- 
taining over twenty parts of solid matter per 
100,000 of water, either dissolved or as a 
sediment, should reccive chemical treatment 
before use for steam-raising purposes. On 
boiling, these waters deposit their lime salts 
as an incrustation on the boiler plates, and 
such incrustations are always the thickest and 
hardest, and therefore the most dangerous, at 
those points in the boiler where the heat 
transmission is the highest, and risk from 
overheating of the plates the greatest. In 
Lancashire boilers this point is the crown of 
the arch of the fire-box ; and when collapse 
of such a boiler from scale occurs, it is usually 
at this point. 

‘The lime salts found in natural waters are 
the carbonate and the sulphate. The former 
can be removed by two methods. The 
carbonate of lime is held in solution by the 
aid of an additional molecule of carbonic 
acid, and since this escapes on boiling the 
water, no addition of chemicals is required 
to precipitate this salt. Mere heating of the 
water to 220°F., and keeping it at that tem- 
perature for some time, causes all the lime 
carbonate to fall out as a flocculent white 
precipitate. Several well-known feed-water 
heaters and detartarisers are based on this 
principle. 

The other method of removing the calcium 
carbonate is to add caustic lime to the water. 
'This combines with the additional molecule 
of carbon dioxide, and forms calcium car- 
bonate, which carries down with it the 
original calcium carbonate contained in 
solution in the water. ‘The reaction takes 
place in the cold, but the precipitate separates 
better from hot solutions. 

Calcium sulphate is more difficult to 
remove from natural waters, and since it 
forms a very hard and compact scale, it is 
much the more objectionable impurity. 

It is decomposed by treatment with sodium 
carbonate, however; sodium sulphate and 
calcium carbonate being formed. The 
former is an easily-soluble salt, and does not 
separate in the boiler; the latter separates 
as а flocculent precipitate, as before. ‘This 
reaction occurs most quickly and completely 
when the feed-water 1s heated. 

The reactions with the magnesium salts 
follow on the same lines, so that all the 
commonly occurring dissolved impurities of 
natural waters can be removed by treatment 
with caustic lime and carbonate of soda. 
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All the well-known patented forms of water- 
softening apparatus are based on these 
chemical reactions. ‘They differ one from 
the other, simply in the mechanical arrange- 
ment of the plant, and in the devices used 
for rendering the apparatus automatic in its 
action. The best recent description of water- 
softening apparatus will be found in a paper 
read by Stromeyer and Baron before the 
Institution of Mechanical Engineers in 
December, 1903. ‘This paper was printed in 
full in most of the technical journals of that 
date, and readers desiring further information 
on this subject are referred to it. 

The use of secret compositions for putting 
into boilers, in order to prevent scale and 
grease troubles, is not to be recommended. 
The impurities of a boiler-feed water should 
be separated as far as possible outside the 
boiler. The addition of caustic soda to the 
water as it enters the boiler is also another 
practice which is to be condemned, excepting 
under expert chemical advice, for under 
certain conditions it does more harm than 
good, and increases the tendency of the 
boiler to prime. 

When added to a natural water containing 
both calcium carbonate and calcium sulphate 
as dissolved salts in certain proportions, 
caustic soda may remove both impurities ; 
for it first takes up the surplus molecule 
of carbonic acid, and forms carbonate of soda, 
with precipitation of the naturally-formed 
calcium carbonate, and then reacts with the 
sulphate to produce another molecule of 
calcium carbonate. It is evident, however, 
that this reaction can only be complete when 
the relative quantities of these impurities are 
present in the proportions represented by 
the following equation :— 


CaCO, + CO, + CaSO, + 2NaOH 
= 2CaCO, + Na,SO, + H,O, 


and this will not often occur in actual work. 

Oil and grease are sometimes present in 
water used for boiler-feeds. When present, 
great care and attention should be given to 
their removal, for a large number of boiler 
explosions have been traced to greasy 
deposits within the boiler. 

When water from surface and jet conden- 
sers is employed as make-up for the boiler 
feed water, this danger is of course greatly 
increased. 

Sand filters and grease separators are 
employed in many works to remove oil and 
grease from the condenser water: but some 
authorities (including Stromeyer) state that 
these are not absolutely effective, and that 
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chemical treatment is necessary to remove 
the last traces of oil and grease from the 
water. This can be most cheaply effected 
by first passing the condenser water through 
a sand filter or filters, and then adding it to 
the ordinary boiler feed supply, and passing 
it through the softening plant or apparatus. 
The calcium carbonate precipitated in this 
will then carry down all the remaining oily 
and greasy particles. 

Testing Natural Waters. — A trained 
chemist is required for carrying out this 
work efficiently, but a few notes on the 
subject of feed-water testing will be given 
here. 

The dissolved impurities of water are 
usually expressed in English ог“ Clark" degrees 
of hardness—one degree of hardness being 
represented by one grain of calcium carbonate 
in a gallon of water. ‘This is equivalent to 
one part of calcium carbonate in 70,000 parts 
of water, since 70,000 grains are contained 
in one gallon. ‘The hardness due to calcium 
carbonate is known as temporary hardness, 
and that due to calcium sulphate is known 
as permanent hardness. The former, as we 
have seen, can be removed by boiling. The 
method of estimating the hardness of a 
water generally employed is that known as 
* Clark's" test, and depends upon the use of 
a standard soap solution, which is run into a 
measured volume of the water until a per- 
manent lather is obtained. If then the total 
hardness of a water be first determined by 
this test, and then the hardness of the same 
water after boiling, one obtains figures from 
which the amount of calcium carbonate and 
calcium sulphate present in the water can be 
calculated. 

The soap method of determining the 
amount of these salts in waters has recently 
given place to methods which depend less 
upon the individuality and practice of the 
operator; but the space available for this 
article will not allow the writer to deal with 
these at length. ‘The method of expressing 
results of water analyses as degrees of tem- 
porary or permanent hardness, is also giving 
place to the more scientific one of stating 
the results as parts of calcium carbonate or 
calcium sulphate in 100,000 parts of water. 
To convert English degrees of hardness into 
parts per 100,000, it is necessary to multiply - 
by 4 or by 1°43. 

The presence of oil or grease in water can 
be detected by shaking the sample of water 
with ether, in a stoppered bottle, and by 
evaporating the ethereal solution to dryness 
over a water bath. If any oil or grease be 
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present in the water, it will remain behind 
in the porcelain basin after the ether is 
evaporated. ‘The presence of oily and fatty 
matters in scales can be detected by heating 
them to redness on a platinum spatula, or in 
a platinum crucible. If charring occurs, or 
a disagreeable odour is noticed, some organic 
fatty compounds are probably present. Fats 
and oils of vegetable origin are more dangerous 
lubricants for engine use than the hydro- 
carbon oils of the paraffin class, since the 
former contain oxygen, and yield acids when 
decomposed at high temperatures in the 
boilers. 

Chemical knowledge of a specialised kind 
is, however, required to distinguish between 
the two varieties of oil. 

Air.—Although it is not generally recog- 
nised as a very important factor of the steam- 
raising process, the purity, dryness, and 
temperature of the air supplied to the boilers 
js almost as important as the quality of the 
fuel or the purity of the feed-water supply. 

Ordinary coal requires, theoretically, about 
12 lbs. of air for its perfect combustion, and 
in practice from 18 lbs. to six times this 
amount of air is passed through the boilers 
for every pound of fuel burnt. Moisture in 
air is not an economical constituent, and its 
presence does not, as popularly supposed, 
aid or represent any real gain in the com- 
bustion process. It is true that it is de- 
composed into its constituent gases, hydrogen 
and oxygen, by the incandescent coke lying 
on the bars of the furnace, and both these 
gases combine again to form aqueous vapour 
before the gases leave the boiler flues. But 
the thermal energy produced by this com- 
bustion is balanced by that absorbed in the 
preliminary separation of these two elements, 
and the aqueous vapour finally produced passes 
away to the chimney at a much higher tempera- 
ture than when it entered the boiler furnace. 
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The result is therefore а net loss of heat, and 
this loss increases with the amount of moisture 
or steam passed into the furnaces with the 
air required for combustion. 

The air, therefore, ought to be utilised in 
а state as dry as possible, and the frequent 
escapes of steam into ash-pits and fire-boxes, 
noticeable in most boiler plants, and the 
practice of quenching hot ashes under the 
fire-doors, ought to be stopped, so far as 
possible. The importance of this question 
of using dzy air for industrial operations has 
recently been proved by large scale experi- 
ments in America, with a blast-furnace plant, 
in which it was found that the consumption 
of coke was diminished, and output of iron 


was greatly increased, by passing all the air 


required through a refrigerating plant, and 
thus freezing out nearly all the moisture it 
contained. 

The question of pre-heating the primary 
and secondary air supplies for boiler-furnaces 
will be dealt with in Article IV. of this 
series; it need only be pointed out here 
that since, on the average, 20 lbs. of air 
are required for every т lb. of fuel burnt, 
and since the whole of this has to be raised 
to the temperature of the furnace, the question 
of pre-heating is of some considerable im- 
portance. 

The specific heat of dry air at constant 
pressure is 0°237 (water 1*000), and there- 
fore to raise 20 lbs. of air through 2,500? F. 
will require 20 X 2,500 X 0'237 = 11,850 
British thermal units. With air already 
heated to, say, 400° F. by the exit gases, 
the British thermal units required would 
be 20 X 2,100 X 0'237 = 9,954, or nearly 
2,000 less. The saving in fuel that can be 
effected by pre-heating the air supply is 
therefore striking, and the subject is well 
worth serious attention on the part of boile 
engineers. 


(Zo be continued.) 


HE standard design of а 
two-wire traction booster 1s 
shown above, and the 
booster panels for two- and 

+ three-wire systems are shown 

in Figs. 21 and 22. 

The specification for a 
traction booster designed to work in con- 
junction with a 5oo-kilowatt set, with an 
8o-car load recently built by the Chloride 
Company, may be of interest. 

The combination is to consist of three 
multipolar machines rigidly coupled together 
in line, and mounted on massive bedplate 
carrying four self-oiling bearings and arranged 
for continuous running. 

Booster. —TYo be capable of a normal 
continuous output of 500 amperes, 750 
amperes for half an hour, and 1,000 amperes 
for three minutes. Armature to be slot- 
wound, winding being of the drum type. 
Conductors properly subdivided for the 
elimination of eddy currents, readily removed, 
singly and positively driven. Core to be 
finely laminated, each sheet being thinly 
insulated and keyed to a shaft of great rigidity. 
Armature connections to be proof against 
rupture through vibration or other causes. 
Commutator to be extra long sections of the 
best hard-drawn copper, insulated with pure 
Indian mica of selected quality, equally 
aligned, and spaced circumferentially. The 
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mica and copper to be of such proportions 
as will ensure equal wear. Commutator to 
be of sufficient depth to allow 1 inch being 
turned off its diameter. 

The field windings to consist of one shunt 
coil separately excited by the small generator 
termed the exciter, and capable of giving a 
maximum boost on charge of 120 volts. 
A series field excited off the line and carrying 
a current of тоо amperes and capable of 
giving a maximum boost of 25 volts in the 
discharge direction. In addition a suitable 
series coil in the armature circuit capable of 
giving three to four volts with a current of 
тоо amperes passing. ‘This coil is to account 
for armature reaction when a heavy current 
is flowing through the booster armature with 
no field. 

Motor.—The motor to be generally of 
similar construction to the booster, and 
capable of driving the set under all conditions 
of load at approximately constant speed. 
To be slot wound and suitable for working 
at a pressure of 500—550 volts. 

Exciter.—The exciter to be of similar 
construction to the booster and motor, and 
designed to allow the proper exciting current 
to flow round the booster shunt field. То be 
shunt-wound and to have practically no drop 
in terminal pressure from no load to full load. 
To be suitably designed for working at any 
fixed pressure between 500—550 volts. 
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be lifted separately Бу 
means of a small insulated 
knob. 

G eneral.-— Construction 
throughout to be on the 
most liberal lines, the 
scheme of insulation to be 
ample, mica being used 
whenever possible, supple- 
mented by fibrous materials 
of the best quality. Field 
winding mounted on sub- 
stantial formers or ferrules 
which are readily re- 
movable. Terminals and 
connectons to be massive, 
and where necessary, 
thoroughly protected. 
Motor and exciter magnets 
to be divided, so as to 
permit of their armatures 
being lifted straight up. 
Booster magnets finely 
laminated to eliminate any 
lag in reversing. 
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Fic. 21.—BoosTER PANEL, Two-wIRE SYSTEM. Working.—' The com- 


bination will generally work 


Temperature.—Vhe whole apparatus tobe in parallel with one or more generators 
capable of running for six hours continuously on a fluctuating load varying from доо to 
at full normal load (500 amperes, бо volts), | 2100 amperes. The booster will so govern 
without the temperature of any accessible the battery as to charge same when the 
part rising above 70°F. above the surround- line load is less than the engine (output, 


ing atmosphere. 

Speed. — The speed of the 
set to be approximately 550 
revolutions per minute. 

Insulation.—At the end 
of the temperature run a 
pressure test of not less 
than 2,000 volts (alter- 
nating) to be applied to 
each winding. 

Bedplate.—The three 
machines to be mounted 
on one bedplate, cast in 
pieces and bolted together. 
Casting to be of massive 
section, strongly ribbed, 
planed on both upper and 
lower surfaces, and cored 
out to receive magnets. 

Brushes.—Brushes to be 
of the best carbon of ample 
surface and low current 
densit; fixed in strong 
frame and pressed against 
the face of the commutator 
by means of an adjustable 
spring. Each brush may 


Fic. 22.— BoosTER PANEL, THREE-WIRE SYSTEM. 
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FIG. 23.—REVERSIBLE BOOSTER (LANCASHIRE DYNAMO AND MOTOR Co,). 


and discharge when the load is greater than 
same. 

‘The amount of charge and discharge will 
be exactly proportional to the difference 
between the engine output and the line load, 
so that as long as the variations are within 
the capacity of the booster and battery, the 
load on the engine will remain constant. 
No hand regulation is required on this 
machine when it Fas been set. 

If the machine is set so that the battery 
will charge a little more than discharge, the 
charging pressure will automatically rise as 
the charge proceeds. "The booster will also 
work the battery alone on the line and 
account for the drooping characteristic of the 
latter's curve. 

The Lancashire Automatic — Reversitle 
Booster..--Before describing this booster, it 
will be of interest to hear what one of the 
patentees has to say on the question of having 
a battery and automatic reversible booster for 
use on a traction load. As is well known, 
the subject is one which Mr. Turnbull has 
made peculiarly his own; the writer has to 
thank Mr. Turnbull for permission to publish 
the following notes from his admirable paper 
on Batteries with Reversible Boosters.* 

“The idea has gained currency that a 
booster should be designed to keep the load 


* Read before the Newcastle section. of the 
Institute of Electrical Engineers, in December, 1904. 


on the generators always at a steady value. 
The problem is stated thus, omitting losses in 
battery and booster for simplicity : The out- 
put is 2000 units per day of 2o hours. Thus 
a generator of тоо kw. output with a battery 
and booster will just answer the purpose. If 
the maximum load be 200 kw., then the 
battery should be able to give тоо kw. easily 
for a short time, so as to meet the peak with 
the aid of the generator. 

* [n some cases when the output is fairly 
regular from day to day, and where the maxi- 
mum demands keep within limits, this solution 
of the problem is quite good, and a very 
efficient and good working plant is obtained 
by adding a battery and booster to the genera- 
tor. In many cases, however, this solution 
is of no use at all. The output varies from 
day to day. Likewise a large part of the 
day is slack, with a heavy output during 
certain hours only. If, in addition to this, 
we have heavy and irregular peaks at all times, 
then it is evident we must solve the problems 
in quite a different manner. ‘Take, for in- 
stance, a case where there is a plant of 200 
kw. already installed ; the output varies from 
I500 to 2500 units per day of 20 hours, and 
the maximum demand 15 доо kw. If we put 
a battery in with an output of 200 kw. for a 
short time, its maximum power added to the 
generator's maximum will give the required 
maximum demanded for the feeders. But if 
we attempt to run the generator at constant 
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full load all the time, it will turn out 4000 
units per day, and this will provide a large 
surplus at all times for boiling up the battery. 
The difficulty can be met by putting the 
machine to do only half-load, but in this 
case the combination does not give out the 
доо kw. needed to meet the heavy peaks 
which come on at intervals. "Taking every- 
thing into consideration, then, it will be found 
that constant load on the generators can only 
be got in cases where the load is similar 
every day, and where the size of the genera- 
tor can be fixed so as to put out the proper 
amount of current every day at about full load. 
Of course, in many cases, a good deal can be 
done by varying the number of hours that the 
generator is run, 50 as to provide just the 
number of units required to meet the load, 
and to keep the battery properly charged." 

Mr. Turnbull says that for a general solution 
of the problem the booster used should fulfil 
the following requirements :— 

I. When required, it should work so as to 
keep the load on the generator ápproximately 
steady. ‘This will be needed when the demand 
for current is approximately equal to the out- 
put of the generator. In this case, however, 
when a very heavy demand is made on the 
feeders, both generator and battery current 
should rise to meet it, so that the utmost 
power of the combination will be available. 
If this be not arranged, it will be often found 
that a heavy load will blow, first one circuit 
breaker and then the other, although the 
combined maximum power of the generator 
and battery would have been sufficient to 
meet the demand, had the booster been 
arranged to allow the generator output to in- 
crease along with the battery's output. 

2. It should be possible to vary the appor- 
tionment of the load between the battery and 
generator. In a slack time the battery should 
do very little; also, if the traction peak should 
correspond with? the lighting peak, then it 
may be desirable to let the battery take an 
extra load to relieve the boilers for the time 
being. 

3. On a slack day with occasional peaks, 
the battery and booster combination should 
be arranged to respond to the peaks only, and 
otherwise do practically nothing, so as not to 
overcharge the battery. Sometimes the 
booster may be cut out altogether, and the 
battery may then with advantage be used to 
float on the line to meet any occasional rush 
of current. 

4. For periods of very light !oad, the 
booster and battery should be arranged to go 
on to the ’bus-bars without any generator, In 
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this case the booster should be arranged to 
compound up to counteract the drop of volts 
in the battery. 


In the Lancashire Automatic Reversible 
Booster provision has been made with con- 
siderable ingenuity for almost every possible 
contingency. In external appearance it 15 
merely a four-pole dynamo coupled to a four- 
pole motor; but while the motor is nothing 
more than a shunt motor, the booster itself 
has four field windings. One of these is a 
shunt winding across the booster terminals, 
excited by the difference of potential between 


ire 


Fic. 24.— BOOSTER ARRANGED SO THAT 175 
VOLTAGE, ADDED TO THAT OF THE CELLS, 15 
ALWAYS EQUAL TO THE 'BUS BAR VOLTAGE. 


the battery and the "bus bars. Ап auxiliary 
shunt winding, known as the “ potentiometer 
shunt" is connected straight across the 'bus 
bars. A series coil is connected between the 
negative dynamo terminal and the negative 
main, and a series coil of a few turns is in 
series with the armature of the booster itself. 
Taking into account the large variations in the 
voltage of a battery (not only with varying 
current, but with the same current at different 
times), it is evident that the first requisite 1s an 
exciting coil which shall at all times make the 
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Fic. 25.— BOOSTER WITH SHUNT COIL B ACROSS 
'BUS BARS, AND COIL S IN SERIES WITH DYNAMO. 


sum of the battery and booster voltages 
practically equal to the 'bus bar voltage. 
'l'his is accomplished by putting on a coil А, 
(Fig. 24), excited by the difference between 
the battery and 'bus bar voltages. If the 
booster is worked on the straight part of the 
characteristic it will be seen that this coil can 
be made to give a voltage on the booster 
armature always equal to the dirlerence 
between the battery and dynamo voltage ; also 
a very slight increase or decrease in the 
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excitation will cause the battery to charge or 
discharge. For instance, a shunt coil B 
(Fig. 25) across the ’bus bars would increase 
the voltage on the booster, which again would 
increase the strength of coil A, and the battery 
would heavily charge ; if, however, coil B is 
opposed by a series coil in the dynamo 
circuit C, the arrangement would be stable 
when the current in C is such that its 
magnetising effect just balances that of coil B ; 
and as B is a constant shunt coil, the current 
in C must always be constant, as required. 
A few series turns are usually added in the 
battery or feeder circuit, to make up for the 
armature reaction and the C R drop of the 
booster itself. To take the case of the booster 
of a traction system : if the dynamo tries to 
take an overload, the coil C will overpower B, 
and the battery discharges until equilibrium 
is restored ; on the other hand, if the dynamo 
current tries to reduce on light load, coil B 
overpowers C, and the battery charges until 
they are balanced. 

As this booster depends for its control on 
the dynamo current, and not on any balancing 
of voltage depending on the dynamo character- 
istic, compound machines can be used as well 
as shunt, and all trouble from hunting and 
kindred causes is avoided. Most boosters 
which do not depend on the falling character- 
istic of a shunt dynamo, rely on the drop in 
volts on the battery and booster in discharging, 
which is balanced by a series coil in the 
feeder, and if this coil is not exactly of the 
right strength, the battery discharges too much 
or too little, usually varying with the state 
of the battery. The particularly valuable 
property of a coil in the dynamo circuit 
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consists in the fact that it can be made as 
strong as desired, and always balanced by a 
regulator on the shunt coil to fix the dynamo 
current at anything required; if the current 
should vary, the coil acts with very great force 
to bring it back to the normal again, thus 
making the booster very stable, and greatly 
facilitating paralleling of the generators. 

If it is desired to use the battery and the 
booster on the line, without the generators, 
coil A is disconnected, and coil C connected 


Line 


Fic. 26.—BoosTER AND BATTERY ARRANGED TO 
WORK WITHOUT GENERATOR. 


to help coil B, giving the battery a constant 
voltage with varying load (Fig. 26). 

One of these boosters has been installed in 
the Derby station." The machine runs 
normally at 800 r.p.m., and is designed for a 
normal working current of 200 amperes, or 
300 amperes for one hour, and to supply 
70 volts for prolonged periods, and 120 volts 
as a maximum. ‘The machine is provided 
with a panel on the main switchboard. On 


* For a detailed description see the £éectrician, 
June roth, 1904, p. 303. 
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FIG. 27.—WiRING DIAGRAM FOR BOOSTER SYSTEM 
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this panel is fixed one rheostat with a 20-way 
switch for shunt coil A, and another rheostat 
with a 3o-way switch in series with the 
“potentiometer shunt" B. Below these 
comes the ordinary motor-starting switch, and 
at the bottom of the panel a rheostat, which 
shunts a portion of the current in series- 
winding C. This latter is regulated once for 
all, as also the shunt-winding A, the ordinary 
regulation being by the 30-way switch in the 
“ potentiometer shunt" circuit. Fig. 25 is 
taken from a photograph, and Fig. 29 is an 
actual wiring diagram of the system. In 
connection with the Derby station, there are 
two identical batteries, one for lighting, the 
other for traction. Each consists of 240 cells 
of the chloride “ R” type, in lead-lined wood 
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boxes, and each contains 29 plates, the 
positives measuring 91 in. X 1o% in., and the 
negatives 91 in. X rogin. The capacity of 
each battery is 675 ampere hours at a 6-hour 
discharge rate, and 350 ampere hours at a 
I-hour discharge rate. ‘Ihe battery house is 
in two storeys, one containing the lighting, 
and the other the traction battery, but as 
the two are alike, they are interchange- 
able. If regulating cells had been required, 
it would of course have been impossible 
to place the battery house at a distance 
from the switchboard, on account of the 
length of connecting cable required; owing 
to the use of the reversible booster, 
however, only two cables are required to 
each battery. 


(7o be continued.) 


SPECIAL DEVICES USED 


IN WEAVING. 


Parr VI.—MECHANICAL KNOTTERS FOR PIECING TEXTILE THREADS. 


[All Rights Reserved.) 


By HARRY NISBET, Head of the Weaving and Designing Department, Municipal 
Technical School, Bolton. 


XCEPTING such operations 
as milling or fulling, dyeing, 
bleaching, printing, calender- 
ing or other form of finishing, 
through one or more of which 
some fabrics are required to 
pass before being retailed to 

consumers, that of weaving terminates a series 
of operations involved in the manufacture of 
textile fabrics. ‘The operations may be more 
or less numerous, and of different kinds, 
chiefly according to the particular class of 
fabrics being manufactured. Whatever may 
be their character, it cannot be too strongly 
impressed upon all engaged in producing 
them, that the quality of cloth produced by a 
weaver is in a very large measure dependent 
upon the care and attention devoted to the 
preparation of yarn at every stage of its manu- 
facture, from the very first treatment of the 
raw material, to the operation of beaming or 
winding yarn on to a weavers beam; and 
that it is their bounden duty to prevent and 
remove, as far as practicable, all defects in 
yarn that may impede the production of good 
cloth, which is the ultimate object of their 
labour. It is impossible for the most perfect 
loom, in the hands of the most skilful weaver, 
to produce good cloth from faulty yarn, or 


even from good yarn that may have been 
carelessly prepared. Many imperfections in 
the yarn itself, as well as its faulty preparation, 
are directly due to carelessness on the part of 
operatives or to insufficient technical know- 
ledge of their work and its co-relation with 
subsequent operations, and are irremediable by 
aweaver. Ofthe numerouscauses of hindrance 
to a weaver and of imperfections in cloth, not 
the least is due to knots badly tied when 
piecing the ends of two threads together, 
either in repairing a broken thread, or in 
obtaining one of greater length. 

During certain operations involved in the 
production of some classes of yarn (as 
doubling-winding, doubling, twining, and 
gassing) and also during the preliminary 
stages of cloth manufacture by which yarn is 
prepared for the final operation of weaving (as 
reeling, winding, warping, sizing, beaming, 
bleaching, and dyeing) threads are liable to 
break from various causes, when they require 
to be pieced or reunited to form continuous 
threads. Breakages of yarn are more liable 
to occur during those operations in which 
threads are subjected to individual tension, 
than when they are subjected to tension ez 
masse as during any system of sizing, or 
beaming. But whenever a breakage occurs, 
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and from whatever cause, a severed thread 
may only be reunited by means of a knot. 

Another method of attaching the extremities 
of two threads 1s by means of a peculiar twist 
being imparted to them to effect a junction ; 
but that course is only practicable and 
adopted in the operation termed “ twisting " 
or “looming,” whereby the threads of a new 
warp are separately attached to those of a 
previous warp, whilst the latter is already 
contained in the shedding harness of a loom. 

Knots in yarn, due to piecings, may 
originate from one of two chief causes; 
aamely, one which may be termed “ acci- 
dental," resulting in breakages, and one which 
is * incidental," owing to the limitation of 
length of threads. The accidental causes are 
very numerous, and to a great extent prevent- 
able. They chiefly consist of thin and weak 
places in yarn, *slubbings" (i.e., thick soft 
places caused by a mass of unattenuated 
fibres), “snarls” or curls, and broken husks of 
cotton seed, all of which imperfections, and 
many others, originate during the various 
stagesof spinning, butgenerally passundetected 
until the yarn is wound upon warpers' bobbins, 
or formed into spools or cheeses, when they 
cause breakages.  Knots due to incidental 
causes are probably not nearly so numerous as 
the former, and they are inevitable, by reason 
of the limitation to the dimensions of cops, 
bobbins, hanks, or other forms into which 
yarn is converted, and the consequent 
necessity of joining the end of one thread to 
the beginning of the next, to form a continuous 
thread. 

The presence of carelessly or imperfectly 
tied knots in warp yarn is one of the most 
fruitful sources of hindrance toa weaver, who 
suffers all the inconveniences which they 
incur, as loss of production with its accompany- 
ing loss of wages, and the usual penalties of 
producing inferior cloth. Long-tailed, bulky, 
or otherwise faulty knots in a warp give rise 
to many imperfections in cloth, besides 
hindering production. by causing frequent 
stoppages of a loom to amend or remove 
these defects. During weaving, the long ends 
of knots are liable to become entangled with 
adjacent warp-ends, and thereby cause faulty 
shedding by interfering with the freedom of 
those threads. ‘They are also a frequent 
cause of * floats" and other imperfections in 
cloth, and breakages of warp ends. Bulky 
knots also cause faulty shedding by catching 
or hooking on to adjacent warp-ends. ‘They 
also hinder the free passage of threads, 
containing them, through the harness and 
reed, thereby causing them to “pull” and 


strain in cloth until they finally break. It has 
been affirmed that 75 percent. of the breakages 
of warp-ends during weaving are directly due 
to imperfectly tied knots. 

Provided knots in yarn are not of a 
character to impede weaving, or to produce 
serious Imperfections in cloth, their presence 
in most fabrics is of little consequence. ‘here 
are, however, certain classesof fabrics in which 
knots of any description are hable to produce 
serious consequences, ‘They should, therefore 
be reduced to the lowest possible number, and 
those which are unavoidable should be neatly 
tied. For example, the presence of knots in 
velveteens and corduroys constitutes a source 
of danger during the operation of fustian 
cutting, by which the pile surface characteristic 
of those fabrics is produced. Knots in those 
fabrics are liable to cause the knife of a 
fustian cutter to deviate from its proper 
course, and to penetrate and injure the cloth. 

In the manufacture of some fabrics, however, 
it is essential that knots of any description 
should be entirely absent: for example, the 
canvas cloth that 1s subsequently coated with 
rubber, and used in the construction of pneu- 
matic tyres for bicycles, motor cars, and other 
vehicles ; fabrics to be afterwards coated with 
rubber, or other non-porous material, to make 
them waterproof; fabrics intended for the 
production of card clothing or filletting (for 
carding and other machines for similar 
purposes employed in spinning mills), and 
many others. Card clothing consists of 
several layers of cloth cemented together, and 
coated on the upper surface with a layer of 
pure india-rubber, to provide the projecting 
wire points with a flexible or resilient 
foundation. ‘The presence cf knots in any of 
the fabrics just enumerated would not only 
impede the operation of coating them with 
the various non-porous materials, but they 
would also prevent the latter from being laid 
ina perfectly even sheet, апа produce flaws 
by projecting above the surface. Weavers 
engaged in the production of such fabrics 
adopt special means to replace broken threads 
without resorting to knots. 

It will now be sufficiently manifest that it 
is of the utmost importance to all concerned, 
that warps should be furnished to a loom as 
free from knots as possible, and that such as 
are unavoidable should be neatly formed 
with short tail-ends. ‘These objects may only 
be attained by the use of superior raw 
material, and a reasonable amount of care on 
the part of operatives who have the manipu- 
lation of that material from the earliest to the 
last stage of its manufacture into cloth. As 
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previously stated, breakages of yarn are most 
liable to occur during those operations in 
which yarn 1s subjected to individual tension, 
when the weak places give way under the 
strain, When a thread breaks, the operative 
is expected to repair the breach by finding 
and piecing the broken ends of the thread. 
'This is usually performed by hand, with con- 
siderable dexterity, by experienced workers 
whose chief object is to save time, and avert 
loss of production and wages, oftentimes with 
an utter disregard of the consequences of 
imperfectly-tied knots. "The broken thread 
is quickly joined, usually by what is termed 


337 


defects which they are supposed to remove. 
If bad knots or other imperfections are 
allowed to pass this stage, their detection and 
removal during subsequent stages of prepara- 
tion is very remote ; for during winding, the 
threads are separate and independent units, 
and therefore under better observation than 
when they are grouped. It then devolves 
upon a weaver to remedy these defects, and 
to suffer the consequences of the carelessness 
or incompetency of those whose duty it was 
to prevent them. Some winders are paid a 
higher rate of wages to piece threads by what 
is known as a weaver’s knot, illustrated in 


FIG. 32.— WINDER'S OR SPOOLER’S KNOT. 


a winders or spoolers knot, illustrated in 
Fig. 32, which shows the knot before being 
tightened. After tying a knot, the operative 
should break off the loose ends, so as to leave 
projecting tail-ends as short as possible, 
consistent with satety. Instead of that, knots 
are frequently pieced in an indifferent manner, 
and are left with long tail-ends. 

The particular stage of manufacturing at 
which threads are most liable to break, and 
which is, therefore, productive of the greatest 
number of knots, is during the operation of 
winding yarn from any of its preliminary 
forms on to warpers’ bobbins: this opera- 
tion is usually the first one to be performed 
by the cloth manufacturer after receiving 
yarn from the spinner in the form of mule 
COps, twiner cops, on ring bobbins, doubling 
bobbins, or spools. Indeed, it is one of the 
functions of a cop or bobbin winding machine 
to detect such imperfections in yarn as are 
likely to prove impediments during subse- 
quent operations, and to lead to their 
reparation. With this object, they are fur- 
nished with yarn clearer guides containing 
narrow slits through each of which a thread 
passes just before it enters upon a warper's 
bobbin. The function of a clearer guide is 
to prevent the passage of slubbings, knots, 
snarls, seed husks, or other impediments, 
which are caught by it ; and if the obstruction 
is not easily removed, the thread breaks. 
Hence it is that breakages are more frequent 
at this, than at any other stage of manufac- 
turing ; and if they are repaired by carelessly 
and slovenly tied knots, the latter may lead to 
more -serious consequences than the original 


FIG. 33. —W EAVER's KNOT. 


Fig. 33, and to clip the ends short. A 
weaver's knot is very secure, and not quite so 
bulky as a spooler's knot. 

Chiefly with a view to ensuring perfectly- 
tied knots with short and uniform tail-ends, and 
also to facilitate the piecing of broken threads, 
some employers equip their operatives en- 
gaged in winding and similar operations 
with mechanical knotters, of which there are 
two distinct types that have met with some 
measure of appreciation by both employers 
and employees. Of these, that known as the 
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Fic. 34. 
t UNIVERSAL" KNOTTER, 


“ Universal" knotter, illustrated in Fig. 34, 


-is a simple device (costing two shillings each) 


consisting of a piece of steel wire, having one 
end formed with a hook sharpened on the 
inside to form a cutting edge. The wire is then 
bent to bring the hooked and straight ends 
together, and fixed in a handle either of wood, 
or else of white metal moulded upon it. It 
is made in several patterns to suit the 
different characteristics of the various textile 
threads. 

This instrument does not itself tie a 
knot and cut off the ends automatically, 
but merely aids the operative to produce 
knots having uniformly short tail-ends. [t 
may be used as a hand-tool carried by 
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Fic. 36. 


FiG. 35. 


in Figs. 


illustrated 
35-39 : but if used by winders, a more 
approved and efficient plan is to fix several 
knotters on brackets secured to the guide or 
traverse rails of the winding machines, as 
illustrated in Fig. 40, with a knotter for every 


each operative, as 


ten spools. If a knotter is employed as a 
hand-tool, it is carried in the left hand of the 


* For permission to use Figs. 35-40 the writer here 
expresses his thanks to Messrs, Cook & Co., Exchange 
Street, Manchester, 


FIG. 37. 


operative, with the hook on the first finger, 
and the haft towards the centre of the hand, 
as illustrated in Fig. 35. The two threads to 
be joined are taken between the thumb and 
first finger of the right hand, and placed over 
the first finger of the left hand, underneath the 
hook, as shown in the same figure. ‘The 
permanent threads are then brought over the 
fop of the hook by the second finger of the 
right hand, as seen in Fig. 36. ‘The two ends 
held by the first finger and. thumb of the 
right hand are crossed over the permanent 
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FIG. 39. 


threads, and passed through the slot in the 
hook, as shown in Fig. 37; then, by smartly 
drawing the threads towards the sharp hook, 
as seen in Fig. 38, the knot is tied, and the 
loose ends cut, simultaneously. The severed 
waste ends are now withdrawn from the knot, 
which 15 of the same formation as a spooler’s 
knot (illustrated in Fig. 32), with short tail- 
ends about one-eighth of an inch in length, as 
seen in Fig. 39. On attaining proficiency 


Ес. 40.— UNIVERSAL KNOTTER, FIXED TO 
GUIDE RAIL OF WINDING MACHINE, 


in the use of this tool, a knot may be 
tied by it in the space of three or 
four seconds, or about the same time 
as that occupied in tying a knot 

« entirely by hand. The instrument is 
only recommended for use as a hand 
tool when it cannot be conveniently 
fixed to the machine with which it is 
used, as reeling and warping machines ; 
but for the use of winders generally, it 
is found to be much more advantageous 
to fix a number to each machine in 
the manner illustrated in Fig. 40. 

By this plan of fixing knotters, 
both hands of the operatives are 
left quite free from obstruction, 

and the knotters are not liable to become 
injured, mislaid, or lost. In order to piece 
two threads, with fixed knotters, it is neces- 
sary to first remove a bobbin from its spindle, 


and rest it upon the guide rail, to leave both 


hands free to tie the knot and cut off thc 
waste ends; after which the bobbin is re- 
placed on its spindle. ‘The operation of tying 
a knot, when the knotter is fixed, is performed 
by taking the extremities of both threads 
between the finger and thumb of the right 
hand ; then taking hold of them by the finger 
and thumb of the left hand, with an interval 
of about three inches between the two points 
held. ‘The threads are now placed orer the 
wires, and the &/? hand passed first under- 
neath and then over the top of the wires 
to the first position, so as to wrap the 
threads completely around the wires. ‘The 
threads are then slipped by the 77eA¢ hand 
into the slot, and both hands drawn smartly 
forward, to tie the knot and cut off the waste 
ends simultaneously. ‘The latter are then 
withdrawn by the right hand, leaving a per- 
fectly tied knot with short tail-ends. The 
advantages claimed for this knotter by the 
makers are, that the prejudice of operatives 
is entirely overcome against carrying a knotter 
constantly in the hand; that, having the 
freedom of both hands, they can draw up the 
knot tighter and smaller, and produce one 
that is quite secure, with shorter tail-ends ; 
that the speed of tying is considerably in- 
creased ; and that the instrument cannot 
either get out of order or become lost. 
Another type of knotter that has found 
considerable favour amongst manufacturers 
is that known as the ** Barber" knotter, in- 
troduced into this country from America, 
about the end of the year rgor. The general 
appearance of this instrument is shown in 
Fig. 41. It is an exceedingly ingenious, well- 
constructed, though somewhat complex and 
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Fic. 41. —'' BARBER” KNOTTER. 


delicate piece of mechanism, comprising 


about thirty distinct parts, supported upon a 


handle that is strapped upon the left hand of 
the operative (as illustrated in Fig. 42), by 
whom it is constantly carried, during working 
hours, with the thumb placed in a thumb 
fork by which the knotter is actuated. It is 
made in three sizes—4A, B, and C—to suit 
different counts and strengths of yarn, and 
weighs 4 02., 511 0z., and 60z., complete, 
respectively. This type of knotter not 
merely aids in the tying of knots, but it 
actually ties the knot, tightens it, cuts off the 
waste ends, and releases the knot automati- 
cally, and in such rapid succession, as to 
accomplish all four movements in less than 
one second of time. This is performed by 
simply laying the two threads to be joined 
(with the free ends away from the operator) 
over a thread -guide and a side arm, and 
smartly depressing the thumb fork, which 
may be subsequently returned to its first 
position at leisure. The kind of knot tied 
by this instrument is an ordinary spooler's 
knot, with short tail-ends of about one-eighth 
of an inch in length. When used by winders 
(each of whom requires to carry a separate 
knotter) it is not necessary for them to re- 
move a spool or bobbin from its spindle in 
order to piece threads. This may be accom- 
plished by first taking the threads coming from 
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FIG. 42,—SHOWING How A “ BARBER” KNOTTER 
IS STRAPPED ON THE HAND. 


a cop (or other source of supply) by the right 
hand, as when piecing by hand. then stopping 
the warper’s bobbin, by the left hand (sup- 
porting the knotter), and slightly lifting it to 
find its thread. ‘The warper’s bobbin is then 
allowed to drop back on its spindle, but is 
prevented from revolving by resting the left 
hand upon it, whilst the two threads are 
passed over the knotter, when the thumb 
fork is smartly depressed, and the threads are 
pieced by a neat knot with short tail-ends, 
ready for continuing winding. 

It is sometimes urged against the adoption 
of the “ Barber” knotter that its initial cost 
(45 35. nett) is prohibitive : that, being of 
delicate construction, it 1s easily lable to 
injury by falling, accidental knocks, or care- 
less usage: that expense will be incurred in 
replacing broken or worn-out parts: that, 
being a separate instrument, it is liable to 
become mislaid, or lost: and, that it consti- 
tutes an impediment to the free use of both 
hands of the operative. On the other hand, 
the makers of the instrument claim that by 
its use the work of winders is greatly facili- 
tated : that both they and weavers are capable 
of producing a greater quantity and better 
quality of work : that wear and tear of wind- 
ing spindles and bobbins are reduced : that 
it reduces waste: and that it pays for itself 
in twelve months. 


—— 


ARMOURED CONCRETE. 


By Lieut. HENRY J. JONES, A.O.D., A.R.C.Sc. (Lond.), Inspector of Ordnance Machinery. 


F the interesting features of 
modern constructive practice 
which call for appraisement, 
either from their extreine 
novelty or successful appli- 
cation, none holds so high a 
place as the unique adapta- 

bility of armoured concrete to the many and 
varied engineering requirements of recent 
times. 

‘The term “armoured concrete construc- 
tion” 15 used to denote any general scheme 
of construction in which a combination of con- 
crete and steel is made to do duty’ more 
economically than would either steel or 
concrete if used alone ; and in the discussion 
of economy we shall be led to include, not 
only initial cost, but also cost of maintenance, 
rate of depreciation, standard of labour, and 
rapidity of construction. With regard to the 
economy їп initial cost of materials, and also 
in illustration of the striking influence of 
steel armouring used їп the way to be here- 
after explained, attention may be drawn to 
Fig. 1, which shows two beams designed 
to carry ordinary floor loads, the one made 
entirely of concrete, and the other of concrete 
with a sheet of expanded metal imbedded in 


SCALU-FEET 
Ordinary Concrete Beam. 


Fic. 1.—PREAMS, OF EQUAL STRENGTH, OF 
ARMOURED AND ORDINARY CONCRETE, 


the tensile portion of the beam. ‘The saving 
in mere weight of concrete alone 13 most 
striking; and when we remember that the 
adoption of floor beams entirely of concrete 
means an increase in thickness of nine inches, 
or supposing five to eight floors, an increase 
in the total height of the building (with extra 
cost of higher and heavier walls, together 
with heavier foundations to carry them), of 
from four to six feet, we see that even 
as regards initial outlay for materials, the 


introduction of steel armouring into concrete 
construction 1s of great importance. When 
we shall have considered the other items on 
our economic programme, the fact that 
armoured concrete construction is incom- 
parably the best system at present known to 
engineers will be even more manifest. The 
most remarkable fact about the whole matter 
15, that the weight of properly disposed steel 
required to reduce the depth of our floor 
beam to one of equal strength in armoured 
concrete, is so insignificant. Comparing 
areas of steel and concrete exposed in cross- 
section, the steel is sometimes only i per 
cent., and rarely rises above т or 11 per cent. 
of the area of the concrete ; and as the cost of 
expanded metal is only from 25. 54. to Is. 
per yard super, we see that the cost of the 
steel armouring 15 very small compared with 
the saving in weight of concrete which it 
produces. 

Subsequently we shall treat of the systems 
and methods of calculation in detail ; but a 
good idea of armoured concrete construction 
can be obtained from Fig. 2, which is an 
Isometrical projection of a portion of a pier 
strong enough to carry the heaviest railway 
traffic. The disposition of the steelwork is 
shown in the piles, the main girders, and 
beams; and the manner in which the steel 
rods running along the tensile or bottom side 
of the girders and beams are bent up over 
the top of the pile, which is here the tensile 
member (the beams being continuous), and 
then down again to the bottom of the girders 
and beams, is most instructive. 

The use of armoured concrete as a material 
of construction has much to recommend it. 
The materials can be cheaply procured and 
transported, and can be adapted to almost 
any conditions, being suitable for floors and 
beams, piles and tunnels, pipes and aqueducts, 
reservoirs and bridges. Armoured concrete 
possesses excellent  fire-resisting properties, 
is as economical in almost any neighbourhood 
as bricks and mortar, and besides combining 
strength with durability, is able to resist the 
action of rain, frost, and smoke ; in a general 
way it may be dealt with by local and 
unskilled labour, although a considerable 
amount of skill and experience in. handling 
contractor's plant, as well as а high standard 
of carpentry, are required for the temporary 
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work of erection. A structure in armoured 
concrete needs no expenditure for main- 
tenance, and thus has a great advantage over 
steel work, which requires to be painted every 
few years to prevent rapid deterioration. 
For sea structures, armoured concrete is far 
superior to either wood or steel, and less 
costly than stone. It does not suffer from 
the ravages of the marine pests, Zeredo 
navalis, Chelura ter brans, and Limnoria 
ferebraus, and there is no need to use 
corrosive sublimate, chloride of zinc, or 
creosote for protective purposes. 

Labour in armoured concrete is cheaper 
and more expeditious than that in steel, for 
steel rods or expanded metal are easily ob- 
tained, and concrete quickly prepared; 
whereas to obtain special castings in steel is 
a costly and laborious process, necessitating 
highly skilled workmen, and a loss of avail- 
able section due to rivetting. А girder in 
armoured concrete can be made and fixed in 
position before steel girders would be half- 
finished ; and warehouses of seven and eight 
floors, supported by armoured concrete 
girders and columns, have been erected in a 
few months, whereas it would have taken 
thrce times as long to erect a similar building 
in the usual manner with steel girders and 
columns. Bridges built of armoured concrete 
admit of very flat arches, which would be im- 
possible in brick and stone, and we thus are 
able to secure the advartage of greater water- 
way compared with arches of the same rise. 
Pipes and conduits сап be made im situ, to 
any length, diameter, and section, being 
strong enough to carry the heaviest vehicular 
traffic, and comparing favourably in price with 
similar work in brick and stoneware. 

Armoured concrete structures are, for the 


same strength, lighter than those in 
masonry and stiffer than those in 
steel, and in general the adoption of 
armoured concrete means a saving of 
from 15 to 20 per cent. on the initial 
outlay, and a further saving due to the 
permanence of the work and its 
insignificant need for maintenance. 
Some actual figures may be quoted. 
The bridge across the Aisne. at 


Fic. 2.—ARMouREp Soissons cost £8,270 in armoured 
CONCRETE PIER. 


concrete. The estimate for the bridge 
in masonry was £10,145, and in steel 
£9,730. The tender supplied for a 
proposed pier on the South Coast, in steel, 
was £7,475; it was ultimately decided to 
use armoured concrete, and the alternative 
tender was £5,784. 

As to the cost of work in armoured con- 
crete, we may take, as a good average figure, 
55. 4d. per foot cube of concrete, this price 
including all steel rods and other armouring, 
all shuttering, material and labour, and all 
subsequent testing, but excluding the driving 
of piles. For the latter we may take, in 
ordinary circumstances, 25. 62. per foot run 
of the length of the pile driven, this price in- 
cluding all contingent labour and plant. 

In the face of the fact that concrete pos- 
sesses so many advantages over other 
materials of construction, it: 15 interesting to 
inquire as to the reason why it had not found 
general favour until very recent years. Concrete 
was used, as a material of construction, long 
before other artificial substances, now recog- 
nised as the legitimate material of the con- 
structive engineer, were known. ‘The Romans 
were probably the first to use it to any extent, 
evidence of their acquaintance with it dating 
back anterior to 500 в.с. ‘They exhibited 
great skill in its treatment, principally using 
it as a core or filling between masonry 
facings. According to Potter, buildings with 
concrete foundations have been found in 
Mexico, and in the Italian colonies of Magna 
Grecia. The dome of the Pantheon, built 
by Agrippa, 27 B.C., was constructed entirely 
of concrete; and in the House of Vestals, a 
floor of twenty feet span was a simple slab of 
concrete fourteen inches thick, supported on 
corbels projecting from the walls. The 
Baths of Caracalla also give evidence of ex- 
tensive concrete vaults. The foundations of 
Salisbury Cathedral, constructed over 800 
years ago, are of concrete; and the only 
remaining fragments of Old Sarum show 
evidences of its use. Corfe walls are largely 
composed of it, and Reading Abbey walls 
were apparently faced with ashlar on both 
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sides, and the core or backing made of 
concrete, with the result that the stone 
has perished, but the concrete, which was 
intended to play a secondary part, still 
remains. | 

Despite its evident antiquity and suitability 
for many classes of work, the merits of con- 
crete were not generally recognised for many 
centuries, and we shall probably find this to 
be due, not so much to inherent defective 
properties of the concrete, as to the limita- 
tions placed on the method and manner of 
its manufacture by the lack of suitable plant 
then at disposal. Previous to the invention 
of Portland cement by one * Joseph Aspdin, 
bricklayer of Leeds, in the County of York," 
powerful and quick-setting limes were un- 
known, and concrete manufacture was re- 
stricted to the use of materials corresponding 
to the old Roman fozzuolana, although of 
totally different origin. Added to this 
absence of a suitable matrix, there was also 
an entire absence of any mechanical appli- 
ances to facilitate construction, and to reduce 
the aggregate employed to a suitable size. 
Hence it came about that in this country 
concrete construction was almost entirely 
abandoned, and foundation work came to 
be done by the costly system of piling and 
planking. With the introduction and ex- 
tensive manufacture of Portland cement, as 
well as mechanical crushers for reducing the 
aggregate, we might have expected concrete 
construction once more to have found: favour 
and adoption. It wasnotso. Engineers found 
concrete a very uncertain material to deal 
with. It would fail suddenly under trans- 
verse strains, and thus its use, when tensile 


strains had to be borne, became a matter of: 


great difficulty and no little danger, because, 
to ensure sufficient safety, great depth had 
to be given to beams and floors, which added 
considerably to the total weight and cost, 
and to the height of the structure. Subse- 
quent experience and experiment established 
the fact that the strength of concrete in 
tension is only about one-tenth its strength 
in compression, which could reasonably have 
been expected when we remember that in 
tension we depend for our strength mostly 
on the tensile strength of the matrix, which 
is low, and in compression on the compressive 
strength of the aggregate, which 1s high. 
Hence arose the question—in what way 
can we treat concrete so that its high com- 
pressive strength can be utilised without, 
at the same time, placing any reliance on its 
low tensile strength? The problem was first 
solved, accidentally, by Jean Monier, a 


gardener of Paris, who in 1876 invented the 
system of construction which has since been 
known by his name. Ward, of New York, 
had, however, previously (in 1875) constructed 
a building in which, “ not only all the external 
walls, cornices, and towers were constructed 
of cement concrete, but all the beams and 
roofs were exclusively made of it, reinforced 
by light iron beams and rods" ‘The intro- 
duction of steel into concrete was thus found 
to give, indirectly, the quality which the 
concrete lacked in itself; and such an intro- 
duction has its warrant in the fact that con- 
crete construction without a tension member 
can be used only in a limited number of 
cases where economy in weight and cost do 
not enter as controlling factors. 

In a general way we may take it to be 
axiomatic that economic structural design 
aims at such a distribution of forces, and 
members disposed to bear them, that, under 
the conditions of greatest allowable strain, 
each member or portion of a member shall 
bear just such a force as that for which it is 
best fitted, all members shall be stressed 
to their safe limit at the same time, and 
the cost of the structure shall be a minimum 
consistent with the other conditions being 
satisf.ed. Armoured concrete construction 
is eminently in accordance with these 
principles. 

Experiment has shown that the compressive 
strength of concrete is about ten times its 
tensile strength, and that steel has about the 
same strength in tension and compression. 
A given volume of steel costs about fifty times 
as much as the same volume of concrete, and 
for the same sectional area steel will bear in 
compression thirty times the load borne by 
concrete in compression, and three hundred 
times the load borne by concrete in tension. 
Hence, for duty under compression only, 
concrete will carry a given load at six-tenths 
the cost required to support it in steel. On 
the other hand, to carry agiven load by con- 
crete in tension would cost six times as much 
as to support it with steel. Hence if we 
endeavour to arrange the members of our 
structures in such a way that the compressive 
stresses are all borne by the concrete, and the 
tensile stresses by steel suitably embedded in 
the concrete, we shall be using each material 
for the purpose for which it is the cheapest 
and the best fitted, апа thus fulfil the above- 
stated principle of economic design. It may 
be stated here, that the shearing resistance of 
concrete is also very inadequate, and hence 
in the most approved armoured concrete 
designs, the shearing stresses are borne by 
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small steel rods and stirrups embedded in the 
concrete. 

Having satisfied ourselves that the novel 
combination of steel in concrete is, theoretic- 
ally, a justifiable one, the question naturally 
arises as to the effects of age, moisture, 
changes of temperature, on the mutual rela- 
tions between the steel and the concrete. Is 
the adhesion between the two materials such 
as to prevent slip when distortion takes place ? 
Will water, percolating through the concrete 
(a substance not Impervious to it), cause the 
steel to rust and deteriorate? Will the com- 
bination stand shock, the effect of rolling 
loads, and the changes of temperature, both 
natural and artificial, without permanent injury 
and decay? ‘To all these questions practice 
gives a positive and favourable answer. 

With regard to adhesion, it may be noticed 
that the force required to separate a rod from 
the concrete in which it has been embedded 
varies from 550 to 650 lbs. per square inch. 
Since this is above the figure as umed for the 
safe working limit of concrete in compression, 
no fear of failure through slip occurring 
between steel and concrete need be enter- 
tained. The use of expanded metal and 
twisted rods offers a better means of securing 
a good adhesion than the use of flat bars or 
round rods. As far as experience goes, steel 
embedded in a good alkaline concrete will 
not rust 1п any way when exposed to the 
action of moisture and air; at any rate, if 
there is а deteriorating action, its extreme 
slowness does not enter as an objection 
against the use of steel armouring. Again, 
no disintegration of the concrete occurs under 
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severe shock or the most violent changes of 
temperature. Piles of armoured concrete, up 
to sixty feet in length, have been driven and 
withdrawn without any injury whatever. And 
the result of experiment and experience on 
armoured concrete work has been to show 
that the coefficient of expansion of steel and 
concrete are almost identical, and independent 
practically of the proportion of cement used. 
The expansion of such structures must, how- 
ever, be provided for, in order to prevent 
undue strains and subsequent surface cracks. 
In this connection rich concretes are not 
recommended, as they crack more readily 
than concretes of poorer composition. It is 
further advisable to cover the concrete where 
possible, and to provide expansion joints, as 
well as avoiding sharp angles and fixed beam 
ends where {тее ones could be as suitably 
employed. Slow-setting cement of good 
quality is imperative, and the main thing 
about the concrete is not so much its compo- 
sition as the care with which it is. made, 
applied and rammed, when once the materials 
have been chosen. ‘The only objection to 
armoured concrete is an zsthetic one. The 
appearance of the finished werk is dull 
and colourless, without any of the distinctive 
tones and colour which we have usually 
associated with engineering work in brick and 
stone, especially when the work has been 
of a high standard. But in circumstances 
where appearance is an inconsiderable quan- 
tity, for piers, jetties, foundations, etc, 
armoured concrete construction has claims 
very far in advance of any material now at 
the disposal of the constructional engineer. 


(To be continued.) 


DEMAGNETISATION OF THE EARTH. 


In the Physical Keview for February, 1905, 
L. A. Bauer gives an account of an investi- 
gation which he has conducted with respect 
to the variation of the magnetic moment of 
the earth. The secular variation of the 
earth’s magnetism has been determined, be- 
tween 1890 and 1900, at a number of land 
stations fairly uniformly scattered over the 
earth between the latitudes бо S. and 60^ N. ; 


and on submitting the results to mathematical 
analysis, Bauerfinds that the magnetic moment 
of the earth is diminishing in value, and will 
probably fall to half its present value in the 
course of the next 1,600 years. ‘The results 
are confirmed by a study of the magnetic 
charts for 1843 and 1885, although the 
evidence in this case is less conclusive, owing 
to lack of experimental data. 


THE ELECTRO-MAGNETIC THEORY. 
Explained without the Use of the Higher Mathematics. 


Parr УП.—ГнЕ Dynamics or Tusks or FORCE. 


Ву EDWIN EDSER, A.R.C.Sc. 


N the January, February and 

March numbers of ‘TECHNICS 

I briefly outlined the theory 

which forms the basis for 

measurements connected 

with the electric and mag- 

netic circuits. So far as 

these measurements are concerned, we may 

look on electric and magnetic tubes of force 

as being equally real; since, however, 

electricity in motion produces a magnetic 

field, we are logically forced to the conclu- 

sion that the magnetic tubes of force are 

produced by the motion of electric tubes of 

force ; a general idea of the process involved 

was given in the November number of 

TrEcHNics (No. 11, p. 466). It now be- 

comes necessary to carry our reasoning a 

step further, and to determine the quantitative 

properties of electric tubes of force in motion; 

in particular, to determine the velocity with 
which electric tubes of force move. 

Let A B (Fig. т) represent two plates 

forming a condenser ; it will be assumed that 

this condenser is kept charged to a constant 
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Fic. r.—LiNES OF FORCE PROJECTED FROM 
PLANE CONDENSER INTO SPACE BETWEEN 
Two FLAT STRIPS. 


potential, so that when an electric current flows 
out of it, electric tubes of force are introduced 
as quickly as the electric current carries others 
away. Letthe difference of potential between 
А and B have the constant value V ; £e, V 
ergs of work must be performed in carrying 
unit quantity of electricity from B to А. Let 
us now suppose that two flat metallic plates, 
shown in section in Fig. r as CD and EF, 
are respectively connected to A and B; it 
will be assumed that these plates are perfect 
electrical conductors, that they extend to an 
indefinite distance towards the right, and 
that they are very broad in a direction 
perpendicular to the plane ‘of the paper, so 


that lines of force extending from one 
plate to the other will be straight and perpen- 
dicular to the plates. Let us further suppose 
that two strips S, S(Fig. 2), each a centimeter 
wide, are isolated by means of fine cuts in 
the two plates, the strips being opposite to 
each other, and extending in the direction 
from C to D or E to F (Fig. 1); then the 
tubes offorce will extend straight across from 
one strip to the other. 

On connecting the plates CD and EF to 
А and B, lateral repulsion will constrain some 
tubes of force to pass from between A 
and B into the space between the plates CD 
and EF, and then to travel away towards the 
right. "These tubes will be as closely packed 
in the space between CD and EF as they 
were between A and В; as far as the tubes 
have travelled there wiil be a difference of 
potential V between the plates, no drop of 
potential occurring in the plates, since these 
are perfect conductors. Confining our atten- 
tion to the two strips S, S, let a quantity Q 
of electricity flow from A on to the upper 
strip in one second; then since unit c.g.s. 


Fic. 2. 
Cross SECTION THROUGH X Y, FIG. I. 


current flowing for one second is equivalent 
to the passage of unit quantity of electricity 
across any section of a conductor, it follows 
that the current flowing from A on to the 
upper strip is equal to Q c.g.s. units. (The 
c.g.s. unit of current used in this investiga- 
tion is the electro-magnetic unit defined in 
TECHNICS, No. 13, January, 1905, p. 41). 
From the above it will be seen that the upper 
strip gains Q positive units, and the lower strip 
gains an equal number of negative units of 
electricity per second. ‘The condenser AB 
gives up to the strips Q units of charge, at a 
potential V per second, and therefore the 
loss of energy fo the condenser 15 equal to VQ 
2 Y 
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ergs per second. If the tubes associated 
with the charge Q travel from left to right 
along the strips with a velocity 2, a length v 
of the strips will become charged to a potential 
V in a second ; if these tubes of force were 
brought to rest, their energy would be equal 
to (VQ)/2 (TEcHNICS, No. 12, December, 
1904, p. 576), so that the static energy of 
the tubes moving from left to right between 
the strips amounts to only half of the energy 
given up by the condenser AB. But since 
the tubes possess inertia and are in motion, 
they will possess a certain amount of 
kinetic energy. No energy 15 used up by 
friction between the ends of the tubes and 
the strips (the strips being perfect conductors), 
whence it follows that /йе total energy of the 
tubes must be half static and half kinetic, each 
being equal to (VQ) /2. 

The static energy of the tubes of force 
comprised in a cubic centimeter of the space 
between the strips 15 equal to 

(xN?)/(8rK). . . . . (1). 
(TrcuNics, No. 12, December, 1904, page 
579), where N is the number of tubes of force 
per square centimeter in the space between the 
strips, к is the dielectric constant of the zther, 
and K is the specific inductive capacity of the 
material medium between the strips. (For 
the ether K = 1.) To determine N, notice 
that the quantity Q charges a length v of the 
upper strip, the breadth of this strip being 
one centimeter; hence Q/z is the charge per 
square centimeter of either strip, and the 
number of tubes of force leaving or entering 
a square centimeter is equal to (47Q)/xv 
(Tecunics, No. 12, December, 1904, p. 575), 
so that 

Ned. „ож x2 

KU 

We must now determine the kinetic energy 
of the electric tubes of force. ‘The motion 
of the tubes from left to right (Fig. 1) will 
produce magnetic lines of force extending 
downwards through the plane of the paper in 
the space between the strips (TECHNICS, 
No. 1r, November, p. 468) ; since there are 
practically по moving tubes of force in the 
space above the upper strip, or in that below 
the lower strip, the only place where there 
will be any sensible magnetic field due to the 
current carried by the strips is in the space 
between these. Let the magnetic field be- 
tween the strips be equal to B magnetic 
lines per square centimeter, the medium 
between the strips having a permeability 
equal to џи (for the æther y = 1). Then the 
magnetic energy per cubic centimeter of the 
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space between the strips is equal to B?/(8 m д) 
(lT'EcHNiICS, No. 12, December, 1904, p. 579). 
Since the magnetic field is due tu the motion 
of the electric tubes of force, the energy of 
the magnetic field must be equal to the 
energy of motion (or kinetic energy) of the 
electric tubes of force; hence the electric 
tubes of force contained in a cubic centi- 
meter possess, in virtue of their velocity c, 
a kinetic energy equal to 
can ую, 3) 


B?/(8-4). .. 

It remains to determine B in terms of N, the 
number of electric tubes per square centimeter. 

As explained on p. 345, the current flowing 
along the upper strip is equal to Q electro- 
magnetic c.g.s. units; hence if we carry a 
unit N pole once round any path which 
embraces the upper but not the lower strip, 
the work done will be дт Q ergs (TECHNICS, 
No. 14, February, 1905, p. 124); from (2), 
this is equal to «x Nz. Let us choose the 
path G H K L (Fig. 2), along which the unit 
N pole is carried, so that it is rectangular, 
lying in a plane perpendicular to the length 
of the strips ; let two opposite sides G H and 
K L of the rectangle lie respectively above 
and below the upper strip, each being one 
centimeter long; the remaining two sides 
being of any convenient length. Then, in 
traversing the path GH K L, work will be 
done only in the one centimeter side G H, 
there being no component magnetic field 
parallel to any one of the other sides. Since 
the force on a unit pole when placed in a 
magnetic field of B lines of force per square 
centimeter, the medium having a permeability 
p, is equal to B/p, the work done in carrying 
a unit pole round the path described above 
is equal to (В/д) X т. ‘Thus, 

kNv = В/џ. 
From this we conclude that the magnetising 
force in the space between the strips is equal 
tox Nv. Also, 

B=xpNv. 

Hence from (3), the kinetic energy of the 
electric tubes of force contained within a 
cubic centimeter of the space between the 
strips 1s equal to 

B2 K? pp № 2° 


-— = S od ue (А) 


Since the static and kinetic energies per 
unit volume of the tubes of force are equal, 
it follows from (1) and (4) that 


Sark ёт Z2: 
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Since the value obtained for v does not 
depend on N, it follows that the velocity 
with which the tubes travel is independent 
of the difference of potential between the 
strips, and of the current flowing along either 
strip; it depends merely on the properties of 
the medium between the strips. 

For the zther, K and д are both equal to 
unity : the values of these constants are only 
very slightly greater than unity for air. Thus, 
if v, is the velocity of the tubes in the free 
gether (and practically in air), 


A I 
1 = е. ч 
к 


Ап electric circuit composed of flat strips 
has been chosen merely to obtain the con- 
ditions which admit of the readiest calculation. 
A more extended investigation shows that 
the velocity of the electric tubes of force 
still has the above value when the circuit is 
formed of wires, provided these are perfect 
conductors: if the circuit possesses resis- 
tance, there will be a backward drag on 
the ends of the tubes of force, and these will 
move with a slightly smaller velocity. 

It is possible to measure the value of к, 


and hence to determine the value of v,. | 


If a condenser is formed of two flat plates, each 
of area A, placed at a uniform distance g 
from each other, with nothing but air between 
them, then the capacity of this condenser is 
equal to кА/(4т4) (TECHNICS, No. 12, 
December, p. 576). In this expression А 
and @ can be found by direct measurement, 
and the only unknown quantity is x. Now 
by charging the condenser and then discharg- 
ing it through a ballistic galvanometer,* the 
absolute value of the capacity can be obtained ; 
hence it is obvious that the value of x 
becomes definitely known. Many investi- 
gators have determined the value of x, using 
various methods; as a result, it is found 


—_— 


* I hope to explain this, and other absolute 
electrical measurements, in future articles. 
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Determination of Wi т/к. 


Experimenter. | Result Experimenter. 
Himstedt . . . | '0057 X 10° | Fizeau. 
Rosa i n: ОООО x Io!* | Cornu 
J.J. Thomson. Io!? 


Foucault 
Michelson . 
Newcomb. 


Pellat 
Hurmuzescu 


3 
3 
2 
H. Abraham . . 2* 
3 
l 3 
Fabry and Perot . 2 


Determination of Velocity of Light. 


Young and Forbes | 
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that v, = /1/x is equal to the velocity of 
light. Table I. comprises the results of 
the most accurate experimental determinations 


of /1/x and of the velocity of light. 


When a charged body is moved, it of 
course carries its tubes of force with it; 
since each tube of force is endowed with 
inertia, the body will possess a greater 
apparent mass when charged than when 
uncharged. We may now determine the 
mass (or inertia) per unit length of a tube of 
force. "The right-hand side of (5) gives the 
kinetic energy per unit volume of a medium 
of permeability и comprising N tubes of 
force per square centimeter, moving with any 
velocity v cms. per sec.; substituting д = т 
(for air or the free ether), к = 1/z,?, where 
7, 15 the velocity of light, we find that the 
kinetic energy per cubic centimeter 

N? 


тры di 


о 


Now the kinetic energy is equal to half the 
mass into the square of the velocity of a 
body ; from this we conclude that the mass 
per unit volume of the tubes of force is 


equal to 
N*f(amo) . . . (6) 

Let the N tubes pass normally into one 
face of a centimeter cube, and normally out 
at the opposite face; then since the N tubes, 
each 1 cm. long, together occupy the space 
of a cubic centimeter, each tube occupies the 
space of (1/N) cubic centimeter. Therefore 
the mass per unit length of a tube is found by 
dividing (6) by N, when we obtain N /(4mv,*). 
The sectional area of the tube is equal to 
(1/N) square centimeter, so that we find 7e - 
„mass per unit length of а tube of force varies 
inversely as its sectional area. It has 
previously been proved (TECHNICS, No. 12, 
December, 1904, р. 577) that the tension of 
a tube of force varies inversely as its sectional 
area, so that the mass (or inertia) per unit 
length, and the tension of a tube of force, 
are both altered in 
the same propor- 
tion when the sec- 
- tional area of the 
tube varies. 

From the above 
reasoning, the 
function of the 
conductors form- 
ing an electric 
circuit. will be 
readily under- 
stood : the energy 


Result. 


3'1500 X 
3'0040 X 
30040 X 
2:9800 х 
2'9985 x 
. 2°9986 x 


10! cms. /sec. 
IO!? cms. /ѕес. 
IO!? cms. /sec. 
10!? cms. /sec. 
10'° cms. /sec 
10'? cms. /sec. 
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is transmitted by the moving tubes of force, 
and the conductors simply act as guides to 
the ends of the tubes of force. It is in- 
structive to picture the process by which an 
electric signal is transmitted by a submarine 
cable ; in this case the electric tubes of force 
extend from the inner core of the cable to 
the sea water in contact with the external 
surface of the insulating sheath, and travel 
perpendicular to their lengths from one end 
of the cable to the other. Hence it is clear 
that the energy of the impulse is transmitted 
through the insulating sheath of the cable, 
and the conducting core simply serves as 
a guide and fritters away some of this energy 
by a property analogous to friction, ‘The 
function of the conducting wires of an electric 
is thus not unlike that of the rails which guide 
a locomotive engine on its journey. 

Fig. 3 shows the tubes of force projected 
from a charged condenser, and travelling 
along in the space between the wires 
forming an electric circuit. When a tube 
reaches the right-hand end of the circuit, 
where the upper and lower wires are con- 
nected, its two ends approach each other ; as 
the length of a tube diminishes, its sectional 
area also diminishes, with the result that the 
energy of the tube remains constant ; the two 
ends of the tube pass each other, the length 
of the tube then increases, and the tube 
travels back towards the condenser. We 
must now inquire what happens when the 
upper and lower wires in Fig. 3 are not 


Fic. 3.—ELECTRIC LINES OF FORCE IN CLOSED CIRCUIT. 


connected at their right-hand ends, but 
terminate in small balls separated by a space 
which may be called a spark gap (Fig. 4). 

As the electric tubes projected from the 
condenser into the circuit reach the spark 
terminals, their inertia causes them to spread 
out on the farther side of the spark gap; 
the broken lines in Fig. 4 indicate the 
positions simultaneously attained by a 
number of tubes, or the positions suc- 
cessively attained by a single tube. The 
small arrows indicate that the parts of the 
tubes on the right-hand side are travelling 
away from the spark gap with a velocity 
which we have found to be equal to that of 
light. ‘The density of the tubes in the space 
immediately between the spark terminals 
increases from moment to moment, and 


Technics 


therefore their 


2 т “ м 1 
\ tension 1n- 

4 c». X › Ы {у 
SUN creases ; when 
yy »> »  thetension in- 
7 4 / creases to a 

У cde 
= „^ certain value, 
Tuer it Is sufficient 
| to pull charged 
FIG. 4,— ELECTRIC LINES OF particles (pro- 
FORCE SPREADING OUT bablvof : 

FROM SPARK GAP. аю уо ае 


or ultra-atomic 
dimensions) 


‚7 TC from the spark 
gout SUC UN ballsjand some 
- / / N \ , 

L (X £75 is \ of the tubes 
1 AR А J F, ш between the 
uu „у EUER 

м S E 
¥-- cular dimen- 


Fic. §.—Lines OF Force AFTER 51005, their 
SPARK HAS OCCURRED, energy being 


converted in 
heat: this constitutes the electric spark. 
The spark renders the space between the 
balls conductive, and the ends of the longer 
tubes of force are forced across the spark 
gap, as shown in Fig. 5. "Thus the ends 
of the longer tubes of force cross each 
other; at the point where they cross 
coalescence occurs, with tbe result that a 
closed loop is set free, whilst a short length 
of the tube is left extending from the lower 
to the upper spark terminal. "The tube 
extending from the lower to the upper ball 
returns to the condenser, in the 
manner already explained ; after a 
time the condenser will thus receive 
a reverse charge. "The right-hand 
side of each closed loop is travelling 
away from the spark gap with a 
velocity equal to that of light; its 
inertia will prevent it from losing its velocity. 
Meanwhile the charge of the condenser having 
become reversed, the tubes will be projected 
from the condenser toward the spark gap: 
these tubes, extending from the lower to the 
upper spark terminal, will spread out on the 
right of the spark gap, thus pressing against 
the left-hand side of the closed loops, which 
also extend upwards ; the repulsion between 
tubes extending in the same direction prevents 
contact and coalescence. Hence the side of 
a closed loop near the spark gap is pushed 
toward the right, and ultimately acquires a 
velocity equal to that of light; the whole 
loop now travels away to the right with the 
velocity of light. 
I am indebted to Professor Karl Pearson, 
F.R.S., for permission to ,reproduce the 
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diagrams? in Fig. 6; these represent the 
electric tubes of force in the neighbourhood 
of a spark gap during an oscillatory discharge 
such as that at present under discussion. 
Let the time of a complete oscillation (Z.e., 
the time required for the condenser to twice 
reverse its charge, thus returning to its 
original condition) be equal to T; then 
Fig. 6, a, represents the tubes of force at a 
time equal to (T/8) after the tubes of force 
first arrive at the spark terminals ; in Fig. 6, 2, 
for the time (2 T/8), the tubes are seen to 
have expanded away from the spark terminals ; 
a still greater expansion having occurred in 
Fig. 6,¢, for the time (3 T/8). In Fig. 6,4, 
for the time (4 T/8), the ends of the tubes 
have crossed the spark gap, and closed loops 
have been set free. In Fig. 6, e, for the time 
(5 T/8), reversed tubes extending across the 
spark gap are beginning to expand away from 
the gap, pushing the inner sides of the closed 
loops before them; in Fig. 6, /, g, 4, corres- 
ponding to times (6 T/8),(7 '/8),and (8 T /8), 
the closed loops are seen to approximate to 
two concentric semicircles with their free 
ends joined, moving away with a velocity 
approximating to that of light. One com- 
plete oscillation has now been completed. 
Fig. 6, 7, 2, 4 m, n, о, 2, 4, represents the 
course of the tubes during a second oscillation. 
In all cases the tubes near the spark gap are 
not shown, a small circle serving to isolate 
the space near the spark gap; further, the 
tubes are not represented when they pass 
beyond the outer dotted circle. 

The way in which electric tubes of force, 
projected from a spark gap, are utilised in 
wireless telegraphy, has been lucidly described 
by Dr. J. A. Fleming, F.R.S. (TECHNICS, 
No. 1i, November, pp. 444-450 and No. r2, 
December, pp. 562—567), and need not be 
further alluded to here. 

The velocity of the tubes of force has been 
determined experimentally, by Hertz and 
others, in a manner to be subsequently 
described : it has been found to be equal to 
the velocity of light, as predicted by theory. 

The fact that electric tubes of force travel 
with a velocity equal to that of light, suggests 
that light itself is due to the motion of 
electric tubes of force. In passing from one 
side to the other of one of the closed loops 
shown in Fig. 6, we pass from a point where 
the electric field (force per unit charge) has a 


*« On the Vibrations in the Field round a 
Theoretical Hertzian Oscillator.” By Karl Pearson, 
F.R.S., and Alice Lee, B.A., B.Sc. Phil. Trans., 
Vol. 193, pp. 159-188, 
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certain positive value to a point where the 
field has an equal negative value. Imagine a 
straight line of indefinitely great length to be 
drawn from the middle of the spark gap, at 
right angles to the line joining the spark 
terminals; then, at any instant, the electric 
field will be alternately positive and negative 
as we proceed along this line, and at any 
particular point in the line the field will twice 
pass through all intermediate values between a 
maximum positive and a maximum negative 
value in the time 'T. The distance between 
a point in the line where the field has a 
maximum positive value, to the nearest point 
at which it has an equal maximum positive 
value, is called the wave length of the radia- 
tion, and is denoted by А. Now in the time 
T (the period of the electrical oscillation), the 
tubes of force producing the maximum field 
at a point will move through the distance A, 
so as to produce the next maximum ; hence 
we have 
vT = А, 

where z is the velocity of the tubes, which 
has been found to be equal to the velocity of 
light. Hence, the smaller the value of T, 
the smaller will be the value of А. It has 
been found possible to produce electric 
waves with a length as small as 3 mm. ;* if, 
however, we could produce waves with a 
length between o'ooo4 and 0*0008 mm., 
these waves would constitute light. We know 
that light is produced when the atoms of a 
material substance are set in violent vibratory 
motion, and it is not difficult to picture what 
occurs in this case. Imagine two very small 
bodies, one charged positively and the other 
negatively. When these bodies are very 
close together, the tubes of force extending 
from one to the other will be confined, for 
the most part, to the space immediately 
between the bodies. If, now, we imagine 
the bodies to be quickly drawn apart, the 
tubes of force will expand outwards in the 
manner shown in Fig. 6, a, 4,¢; if the bodies 
then approach and ultimately pass each other, 
the tubes will cross each other and coalesce, 
giving rise to closed loops similar to those 
shown in Fig. 6, Z. If the bodies now once 
more recede from each other, their tubes of 
force will expand outwards ; and, since they 
extend in the same direction as the inner 
sides of the closed loops previously formed, 
these will be pushed outwards. ‘Thus Fig. 6, 
a to g, will represent the tubes of force due 
to two oppositely charged bodies vibrating to 


* Sce “ Light for Students.” By E. Edser. (Mac- 
millan and Со.) pp. 348. 
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and fro, in such a manner that the two recede 
from each other, then approach and pass 
each other, and then once more recede, and 
so on. If the time occupied by a complete 
to-and-fro vibration lies between 1*3 X ro'!5 
second and 2:6 x 10"? second, the wave 
length of the resulting radiation will lie 
between o'ooo4 mm. and о'ооо8 mm., i.e., 
the radiation will constitute light. It is 
probable that an atom is composed of a 
number of charged particles, and the vibra- 
tions of these entail the projections of closed 
tubes of force which constitute light. 

It is known that light travels more slowly 
in a transparent material medium than in a 
vacuum ; the ratio of the velocity of light in 
a vacuum to its vclocity in a material medium 
gives the refractive index of the medium. 


Now from equation (6), p. 346, it appears 
that the velocity of propagation in a medium 
of specific inductive capacity К, (и = 1) is 
equal to 4 1/K к, and the velocity of propa- 
gation in a vacuum is equal to ./1/«x; hence 
the refractive index of a medium is equal to 
4 К. When, however, the period of the 
waves is comparable with the period of 
vibration of the charged particles constituting 
the atom of a substance, this law no longer 
holds; reasoning similar to that which ex- 
plains dispersion on the elastic solid theory 
of light* must be employed.. For long 
waves the refractive index of a substance is 
very nearly equal to the square root of its 
specific inductive capacity. 


* See '* Light for Students." Ву E. Edser, pp. 375. 


(To be continued.) 


CONTACT-RESISTANCE 


MOST important departure іп con- 
nection with dynamo design was 
made when carbon brushes were 
introduced. With metal brushes, 

sparking can be avoided only by altering 
their lead with every variation of load. 
When carbon brushes are used, and the 
dynamo has been suitably designed, absolutely 
sparkless running may be secured for all 
loads, with fixed brushes, It is perhaps not 
too much to say that the present success in 
the design and construction of large traction 
generators is due to the use of carbon brushes. 

Their superiority to metal brushes is due to 
several causes. In the first place, metal 
brushes, when greatly heated, are liable to fuse 
at the tips, with the result that the commutator 
becomes pitted. In addition, metallic vapour 
is sometimes produced, and this gives rise to 
an arc between the brush tip and the com- 
mutator segment which has just left it. Both 
these sources of trouble are removed when 
carbon brushes are used. In addition, there is 
a definite contact-resistance between a carbon 
brush and the commutator segment on which 
it rests, and this resistance increases as the 
commutator segment is withdrawn from under 
the brush. The effect of this is, that the 
current in the armature coil short-circuited by 
the brush is first reduced to zero, and then 
reversed, without any help from a reversing 
field. The method of commutation with 
movable brushes may be compared with the 
method of stopping a locomotive by reversing 
the engines, while the use of fixed carbon 
brushes for commutation may be compared 
with the use of a brake. In spite of the suc- 


OF CARBON BRUSHES. 


cess already obtained in designing dynamos 
which run sparklessly with fixed brushes, it must 
be admitted that there is probably still great 
room for improvement. The phenomena at- 
tending commutation have so far been but 
scantily investigated ; Arnold and Mie have 
indeed worked out the theory of commutation 
when the breadth of the carbon brush is equal 
to that of a commutator segment, but then the 
brush is generally much wider than this, not 
uncommonly covering from three to five com- 
mutator segments. Then, again, we at present 
have many grades of carbon which can be used 
for brushes, and we need data to assist in the 
choice of the most suitable kind. A first 
step in this direction has been made by 
Dr. Max Kahn, who has published a short 
treatise on the contact-resistance of carbon 
brushes.* Не finds that the resistance 
depends on a number of factors. First of 
all, it is different for different sorts of carbon. 
It varies with the mechanical pressure 
between the brush and the commutator, and 
also with the velocity of the commutator; an 
increased velocity at first produces an 
increased resistance, but if the velocity 
becomes very great the resistance once more 
diminishes. ‘The most important factor, 
however, is the current density. ‘The contact- 
resistance appears to comprise two parts, one 
being constant, while the other is inversely 
proportional to the current density. It is 
significant to note that the resistance of the 
electric arc 1s of a similar character. 


* Der Ubergangswiderstand von KoA'enbirsten,von Dr.- 
Ing. Max Rahn. (1902. Stuttgart : Ferdinand Enke.) 
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THE ELEMENTS OF CHEMICAL ENGINEERING. 
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By J. GROSSMANN, M.A., Ph.D., F.I.C., Chemical Engineer and 
Consulting Chemist, Manchester. 


THE MORTAR AND ITS TECHNICAL EQUIVALENTS. 


N order to produce chemical 
reactions, it is necessary 
that the reacting substances 
shall be brought into inti- 
mate contact. Liquid sub- 
stances may be made to 
react without preliminary 

mechanical treatment ; but where we have to 
deal with solids, it is well known that the 
more finely they are powdered, and the more 
intimately they are mixed, the easier it will 
be to obtain the required reaction. In the 
laboratory we may use a hammer in order to 
break up large pieces of mineral matter; we 
may then put the smaller pieces into an iron 
or porcelain mortar and powder them finer, 
or we may pass them into an agate mortar 
and grind them there to the finest powder 
obtainable. It will be noticed that in working 
on a small scale we are restricted to the force 
which our arms or wrists can exert, aided as 
far as possible by leverage, as in the case of 
using a hammer with a longer or shorter 
handle. But in working on a large scale, 
obtaining our power from an engine, the 
force which we can exert is almost unlimited ; 
it naturally follows that we 
need not adhere to the 
means which are at our 
disposal in the laboratory, 
but may adopt constructions 
in which we use the greater 
force at our command. 
Thus, in breaking up large 
stones into smaller frag- 
ments, we may use the 
forces which are obtained 
by a cutting or crushing 
motion. Fig. 21 represents 
a stone breaker in which 
the jaw А is made to move 
backwards and forwards in 
a horizontal direction against 
a fixed plate or wedge, so 
that any large pieces of ore 
which are placed between 
these are crushed into 
smaller pieces. The width 
between the two crushing 
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parts may be regulated so as to produce 
larger or smaller fragments. ‘The same 
effect may be produced by passing the large 
pieces of ore through grooved crushing 
rollers. Stone-breaking machines are made 
in different sizes, according to the hardness 
of material and the quantity to be dealt 
with; the power required varies accordingly 
—from half a horse-power to twelve horse- 
power and more. 

The pieces which we have obtained in the 
crusher may vary in size: it is practicable to 
obtain them as small as nuts. The next step 
15 to reduce these nuts to fine powder. This 
may be done in many different ways. Where 
a hard ore has to be further reduced in size, 
an apparatus may be used which resembles a 
mortar in its appearance and action. If we 
wish to imitate the pounding action of a 
mortar on a large scale, we can construct a 
mortar itself in cast steel; we can further 
have a heavy pestle of the same material, to 
which we fix a rod with a short piece at the 
top projecting at a right angle. If we now 
have a shaft carrying a curved piece of steel 
revolving near the pestle in such a manner 


Fic. 21.—STONE BREAKER. 
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FIG. 22. —ORE-CRUSHING MACHINE. 


that the curved piece catches the projection 
of the pestle at each revolution, it will lift the 
pestle up, and the latter, falling by its own 
gravity, will crush the ore. An arrange- 
ment of a number of pestles working side by 
side is largely used in the preparation of ores, 
and is represented in Fig. 22. "= 

The ore may also be further reduced in 
fineness by passing it through steel or iron 
rollers, which may be either grooved or 
smooth ; soft materials, such as coke, may be 
crushed by being made to pass between two 
cog wheels, fixed on shafts which revolve in 
the same or in opposite directions. Where 
plain or grooved rollers are used, there may 
be a number of them arranged vertically, in 
such a manner that the material is first 
reduced to a certain fineness, then passed 
through into a second set of rollers below 
the first set, where it is still further re- 
duced, and so on; so that one may com- 
mence with coarse material at the top of the 
machine and draw from the bottom a pro- 


duct of almost any fineness which 
may be required. 

Where it 1s necessary to reduce 
hard ores to the finest state of 
division, levigation is often used. 
The substance is finely ground 
in the dry state, mixed with a 
large quantity of water, and run 
through a series of tanks in such 
a manner that it is left in the first 
tank for a certain period, then 
taken into a second tank, and so 
on. It follows that the coarsest 
material will settle out in the first 
tank, somewhat finer material in 
the second tank, and that in the 
last tank the very finest material 
will be obtained. Instead of first 
grinding the material in the dry 
state, and then mixing it with 
water, it may from the start be 
mixed with water in the grinding 
mill; the apparatus used for this 
purpose resembles, in its appear- 
ance and principle, a mortar mill, 
such as can be seen wherever 
building operations on a large 
—. scale are carried on. The mortar 

= mill consists of a plate on which 

| heavy rollers (generally two) re- 
~~ volve. If, instead of a shallow 
plate, we use a deep trough, the 
bottom of which, together with 
the rollers, are made of chilled 
steel, the sides being built in 
bricks, we have a machine which 
in principle represents a wet grinding mill. 
Mills which are built on the principle of 
mortar mills are generally termed “edge 
roller mills”; they may be used for dry as 
well as wet grinding, in which case the trough 
we have described is replaced by a shallow 
pan generally made of cast iron or steel. It 
is, however, often inadmissible to grind sub- 
stances in iron, as they become more or less 
contaminated with that metal. Edge roller 
mills are, therefore, sometimes made in 
granite, both as regards the bed and the 
runners; all parts which are liable to be 
touched by the material to be ground are 
arranged in such a manner that no iron or 
other objectionable material enters into their 
construction. 

Owing to the great variety which we find 
in the hardness of different substances and 
in other properties, such as their tendency to 
cake together, designs of mills are exceedingly 
numerous. Го go back again to the ordinary 
mortar, we can imaginerthat, instead of having 
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a solid bottom, that part is cut 
out conically, and in its place is 
fitted a grooved cone. If the 
bottom of the hollow part of 
the mortar from which the cone 
was cut contains a number of 
teeth, or is grooved, it follows 
that if the bottom cone were 
made to revolve, anything falling 
between the ridges of the bottom 
cone and the grooves of the 
hollow part of the mortar would 
become crushed. On this prin- 
ciple a number of machines are 
constructed which are useful for 
grinding soft materials such as 
soda-ash and similar chemicals. = 

Very useful machines for grind- = 
ing are those which are known ` 
by the name of “ disintegrators," 
as it 1s possible by their help to 
grind materials of very varied 
hardness. Fig. 23 represents 
one of these machines. 

The disintegrator consists of a number of 
steel bars fitted into two or three concentric 
circles or drums round the driving shaft, and 
joined to two cages by upright wrought iron 
discs and rings. The cages are fixed on 
horizontal shafts, and fit into one another in 
such a way that the drum of one cage can 
turn in the circular space between the two 
drums of the other cage. Pulleys on the 
shafts are arranged in such a manner that the 
two cages rotate in opposite directions. ‘The 
cages are enclosed in a casing of sheet iron 
which can be easily removed, and with which 
is connected a hopper for feeding the machine. 
The materials to be ground are fed into the 
innermost drum, and are thrown outward by 
centrifugal force through the space between 
the bars, which are revolving in opposite 
directions. The material is thus subjected to 
a great number of blows, and is ground to a 
considerable degree of fineness. As the dis- 
integrators revolve at high speeds (a thousand 
revolutions and more per minute), and as they 
work on the centrifugal principle, any obstruc- 
tion which may occur in these machines will 
produce serious consequences ; they therefore 
require careful attention. 

Another construction which is frequently 
used for grinding materials of moderate hard- 
ness is one in which the grinding is effected 
by the weights of iron rollers. The mill 
consists of a cylindrical vessel (commonly 
called a mill barrel) in which are placed a 
number of solid cast iron rollers. ‘There is a 
man-hole at the top or sides of the barrel, 
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FIG. 23.— DISINTEGRATOR. 


with an arrangement by which it can be easily 
opened and closed ; through this the material 
to be ground is charged and ultimately dis- 
charged. These mills are either driven from 
a pulley which is fixed on the centre-shaft, or 
from gearing working into a spur-wheel which 
is fixed round the outside of the barrel. In- 
stead of using rollers for grinding, a number 
of cannon balls may be used for the same 
purpose. Both this mill and the one which 
we are going to describe next may be used, 
not only for grinding materials dry, but also 
in the wet state; it is possible to obtain a 
very finely ground mass by their aid. Instead 
of a cylindrical barrel, a spherical vessel is 
frequently used, which rotates at an angle to 
the horizontal, as shown in Fig. 24. The 
grinding in this mill is effected with the aid of 
cannon balls. 

Where an extreme degree of fineness 15 re- 
quired, and where it is not practicable to use 
iron or steel machinery, the well-known mills 
which have been used for many years for 
grinding corn are still applied. In these mills 
the material 15 ground between two circular 
stone slabs into which grooves are cut, the 
two slabs rotating against each other. 

We have only enumerated a few of the 
many designs which are on the market. In 
choosing a mill for a special purpose, it is 
essential to consider the particular require- 
ments for which it is wanted. Thus if we can 
set aside a mill for a special purpose, so as to 
always grind the same material in it, it is not 
very essential that we should be able to take 
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FiG. 24.— MILL FOR GEISDING: BY AID OF 
' CANNON BALLS. 


the mill quickly to pieces for cleaning pur- 
poses. If, however, a mill is required to 
grind several kinds of materials successively, 
so that it has to be carefully cleaned out be- 
tween changes, we shall have to lay particular 
stress on choosing one constructed so as to 
allow the cleaning to be done in the shortest 
possible time. In all cases it is necessary to 
make sure that any broken parts can be easily 
replaced ; it will be even necessary to con- 
sider local conditions, as in some mills, such 
as the “ stamps," the noise produced is such 
that they would be considered а nuisance in 
densely populated parts. 

We have previously laid great stress on the 
importance, to the chemical engineer, of a 
sound theoretical training. We now must 
point out the importance of practical experi- 


т> 4 [Lol T 


ence. Although every maker of grinding 
machinery will undertake to work samples 
through his machines, and recommend 
machines amongst those which he makes 
which best meet the requirements of the 
case, it is not always (particularly in new 
installations) possible to obtain sufficient 
material for the purpose. To get a 
thorough knowledge of the machines 
which are used in chemical technology, 
it is necessary that one should see them 
at work, and every opportunity should be 
taken of obtaining such practical demon- 
stration. "There is unfortunately no college 
|. or technical school at which machinery of 
this kind can be seen working on a suffici- 
ently large scale to be of any great value. 
Some day we may have a college which 
will be conducted on lines enabling the 
student to work out processes on a large 
scale; but until such is the case we venture 
to make a suggestion which, if carried out, 
would assist the student very much in his 
studies, and enable such experimental schools 
as we have mentioned to be built at a small 
outlay, or the present schools to become 
more efficient at greatly reduced cost. Many 
lectures are at present illustrated by means 
of pictures thrown on the screen by a magic 
lantern. If views of machinery in motion, 
taken by means of a kinematograph, were 
used, they would give the student a practical 
demonstration which should be of great 
value. It would be only necessary to demon- 
strate the principle of the machinery by means 
of small crude models, and show the working 
on a large scale by the moving picture. 
The material, after leaving the grinding 
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FiG. 25.—MACHINE FOR MIXING DRY MATERIALS. 
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mills, is not of uniform fineness, It is 
therefore necessary to separate the finest 
part from the grit; for this purpose sieves 
are used, made either in metal wire or 
jn silk mesh. This mesh, in the case 
of metal, is classified according to the 
number of openings to the inch, and is 
accordingly given as 20, 40, 60, 80, or 9o 
mesh. Everyone is familiar with the ordi- 
nary sieve, which consists of a shallow 
drum into which a sheet of copper, brass, or 
silk mesh is fitted ; this may be used where 
not very large quantities have to be dealt 
with. А number of such sieves may be 
placed on a table and suitably fastened to it, 
whilst the table is made to revolve at a fair 
speed in such a manner that it occasionally 
receives a knock which throws it violently up. 
Where large quantities have to be sieved, an 
oblong sieve may be used, arranged in such 
a manner that it has a quick horizontal 
oscillating movement, and occasionally re- 
ceives a knock throwing it up in a vertical 
direction. As the material moves along in 
the sieve, the finest part will fall through 
into a box underneath, and the coarser part 
can be made to travel into another receptacle 
from which it is taken back to the mill to be 
ground finer. Another construction is one 


357 


in which the mesh is placed outside the 
frame, and forms either a circular or an 
octagonal long tube which is made to revolve 
by means of a centre shaft. 

Besides being used for grinding materials, 
the mortar is frequently used in the labora- 
tory for mixing ground substances together, 
or for incorporating finely ground solids with 
liquids. Similar operations frequently have 
to be carried out on a large scale. A con- 
venient arrangement to mix dry materials is 
shown in Fig. 25; this consists of an iron 
drum fixed obliquely on a horizontal axle. 
Through the rotation of the drum the various 
materials inside are thrown against one 
another, and in a short time they become 
thoroughly mixed. When it is desired to in- 
corporate liquids and finely ground solids, 
many of the mills which we have discussed 
could be used, particularly edge runner and 
roller mills. In many cases special apparatus 
designed for the purpose will, however, be 
found more suitable. .One of these is 
shown in Fig. 26 ; this consists of a mixing 
trough in which rotate blades of special 
construction. А machine of this descrip- 


tion may be obtained in different sizes, 
capable of dealing with small or large 
quantities. 


Fic. 26.—MACHINE FOR INCORPORATING LIQUIDS 
AND FINELY-GROUND SOLIDS. 


THE MANUFACTURE OF SULPHATE OF AMMONIA. 


By THOS. HOLGATE, M.I.C.E. 


H E ammonia liberated by the 
distillation of coal and other 
ligneous materials may be 
converted into a marketable 
product in a variety of ways. 
It may be made into a con- 
centrated solution ofammonia 

gas freed from pyridine and othertarry matters; 
it may be liquefied under considerable pressure 
as anhydrous ammonia for use in refrigerating 
machinery ; or it may be combined with a 
variety of acids to produce, in the solid form, 
carbonate, chloride, nitrate or sulphate of 
ammonia. Of these, the sulphate occupies a 
foremost place, both in ease of manufacture 
and in the magnitude of the trade done. 

The uses of sulphate of ammonia continue 
to increase, its value as a manure having been 
proved by many years of practical working in 
competition with nitrate of soda. Both of 
these salts depend upon the nitrogen they con- 
tain for their fertilising action. ‘The cheapest 
form in which nitrogen can be furnished 
to the soil is by the sulphate of ammonia, and 
this has the advantage of not being easily 
washed out by excessive rainfall. 

During the year 1904 there were produced 
inthe United Kingdom the following quantities 
of sulphate of ammonia, r77,000 tons of which 
were exported, and the balance of 67,500 tons 
used at home. 


Tons. 
In iron works Р ; I9,000 
Coke and carbonising works ‘and 
producer gas . 32,000 
Shale distilling for oil w orks 39,500 
Coal-gas works . 154,000 
244,500 


MOoDbERN FORMS OF PLANT. 


Various forms of plant are in use for this 
manufacture, but the intermittent type is 
steadily giving place to the continuous, which 
latter varies little in its main features, although 
the plant made by different makers differs 
somewhat in important details. 

The fundamental parts of a continuous 
plant are : first, the still ; second, the pre-heater, 
in which the ammoniacal liquor, on its way to 
the still, receives heat either from the spent 
liquor or from the gases issuing from the 
saturator ; third, the condenser, and other 
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appliances for utilising the waste gases con- 
sisting largely of H,5, CO,, and a trace of 
HCN and other gases ; fourth, the lime-mixing 
and feeding device needed where the “ fixed ” 
ammonia is recovered; fifth, the “catch” 
from the condenser of the “devil” liquor, 
containing SH, in solution, returned by pump 
to the still; sixth, the saturator, with the 
complementary acid and mother liquor tanks, 
sulphate of ammonia draining table, and 
sulphate of ammonia stores; seventh, 
receptacles for the ammoniacal liquor to be 
distilled; eighth, tanks for the removal of 
solid matter (lime) before allowing the effluent 
or spent liquor to escape. Each maker 
develops these details or their combination in 
his own way, and some of these are described 
at length in the remarks that follow. 

The Chemical Engineering Company em- 
ploys a still of the form shownin Fig. т. ‘lhe 
upper section, where the “ free" ammonia is 
liberated, consists of a succession of trays like 
the one shown in section at A. "The baffle, 
having serrated edges, is longitudinal, so that it 
may be drawn out at the hand-holes for facility 
of cleaning. It is also placed in such a position 
that the ammoniacal liquor must pass over it, 
by reason of the inlet to each tray being im- 
mediately opposite the outlet, with the agitated 
zone of liquor intervening. ‘The hquor, after 
being denuded of its “ free" ammonia, enters 
the liming chamber, also shown in section. 
The inlet for lime is at the place where there 
is the downward flow of liquor, and the mixture 
flows across the chamber (the contents of 
which are heated and agitated by steam) to 
the outlet. 

The gas passage from the lower part of the 
still stands in the centre of the liming chamber, 
and the gases rising help to heat the lime 
and liquor. The mixed lime and liquor 
flow thence through a succession of trays 
similar in form to A, the lowest tier being 
shown in section, revealing also the connecting 
pipe leading to the automatic discharge 

valve B. 

On the opposite side is a vessel C, which 
acts as a stand for a glass tube level indicator, 
and parallel therewith is a blow-off pipe 
acting as a safety jet. The automatic outlet 
valve consists of a float made of suitable 
resisting metal, the lowest part of the float 
acting as a cone valve. When the supply of 
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Еіс. 1.—WILTON’s CONTINUOUS AMMONIA STILL, WITH LIMING: APPARATUS. 


liquor ceases, the float valve subsides on to 
the seat, so that no escape of steam or gases 
may take place. Of somewhat similar con- 
struction is the float valve for the automatic 
lime feed D. Lime is placed in the basket 
shown in plan and elevation at E, and a 
portion of the spent liquor is intermingled 
therewith. The insoluble portion remains in 
the basket and is easily removed, whilst the 
milk of lime passes through a regulating cock 
and non-return valve into D. As soon as the 
float therein is raised sufficiently high, it turns 
on steam automatically at the valve on the 
left of the float-guide seen above D. The 
effect of this is to propel the milk of lime 
through the other non-return valve up the 
vertical pipe, in such proportion as may be 
required, into the liming chamber of the still, 
от back as an overflow to E. 


THE SATURATOR. 


To make about 1 ton of salt per 24 hours 
a saturator (Fig. 2) may be employed, 
arranged for scoop removal. The apparatus 
is divided essentially into two parts—a 
circular trough or container for the sulphuric 
acid, and an elliptically shaped curtain and 
cracker pipe combined. The distinguishing 
feature of such an arrangement is the relative 
absence of strain in the leadwork due to 
changes of temperature or the effect of weight. 
The freedom of movement as a whole which 
is allowed, tends to preserve the shapé 
without tearing at the “ burning " or joints. 


The cracker pipe is shown with the 
perforations for the passage of the steam, 
NH, H,S and CO, gases ; and the sloping 
bottom of the container facilitates the fall 
of the salt to the space in front, where the 
floor is of double thickness sheet-lead, to resist 
the wear and tear of the scoop. For an out- 
put of то tons and upwards per diem it is 
desirable to obviate the manual labour of 
removal by scoop; and whilst in some 
systems of working the saturator is provided 
with a “well” and discharge valve at the 
bottom thereof, in others the “ well" is fitted 
for top discharge. In the latter arrangement 
the lifting of the salt is on Maltster's system 
effected by compressed air, and in Wilton's 
system by steam acting through a discharger as 
shown in Fig. з. The steam-pipe terminates 
in a jet upturned and entering the perforated 
foot, and is under control by a valve just 
above the saturator dome. When a sufficient 
quantity of salt has accumulated round the 
foot, the attendant allows steam to impinge 
on it, with the result that it is forced up the 
vertical tube into the draining table. Thence 
the surplus liquid—the acid and mother 
liquor—flow by gravity into the rectangular 
lead-lined vessel, shown in elevation, whence, 
with added sulphuric acid, it flows down the 
inclined pipe into thesaturator. "The mother 
liquor tank is fixed at such a height as to give 
a proper working level in the saturator, which, 
as will be seen, is of the closed type. It is 
built of a timber framework lined with 
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Ес. 2.—WILTON’S SATURATOR, WITH 
INDEPENDENT CONTAINER. 


chemical sheet lead. At the side is a large 
manhole for inspection and repairs, whilst 
through the dome passes the gas inlet pipe in 
two divisions. This is for the purpose of 
giving uniform distribution to the circular 
cracker pipe within. The outlet gas pipe 
enters a spray separator of larger capacity 
than the cross section of the pipe, which, 
reducing the velocity of the gases and pro- 
viding perforated lead trays, facilitates the 
cleposition of the acid spray that might other- 
wise be carried forward and cause mischief 
to iron pipes. It will be noticed that the 
weight of the various pipes is carried by the 
iron and timber framework so as to relieve 
the leadwork. 

A form of saturator largely employed is the 
one shown in Fig. 5, and known as the piano- 
shape. This is often built of plate lead 
I inch thick without external framework, but 
the view given represents Standfast’s patent 
construction, which is electrically welded. It 
is composed of a lead body made of sheets 
+ inch thick, all the joints of which are welded 
electrically. This body is contained within 
a framework of steel tees and angles, made in 
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FIG. 3.—SECTION OF SATURATOR, WITH 
WILTON’S DISCHARGER. 


sections, arranged so that each can be 
removed, in order to get at any portion of 
the lead body which may require attention. 
For the purpose of resisting strains, the lead- 
work is strengthened and made more homo- 
geneous by electric welding. The temperature 
of the electric arc used for the fusion of lead 
is kept below that used for iron and steel, but 
still sufficiently high to cause each lead sheet 
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FIG. 4.—ELEVATION ОЕ SATURATOR, WITH. 
WILTON’S DISCHARGER. 
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to unite with its neighbour throughout its 
entire thickness. As there is no flame of an 
oxidising character, the lead remains perfectly 
clean under the operation, and a fracture of 
the lead after welding shows that the two 
pieces have been entirely incorporated. The 
fim for whom Mr. Standfast is manager, 
and who are large manufacturers of chemicals 
in the South of England, have used the 
detachable framework structure for several 
years, and have recently combined therewith 
the electric welding of the lead with very 
satisfactory results. ‘lhe electric welding 
was done at the works of the Steel Barrel Co., 
Ltd., Uxbridge, who not only make these 
saturators, but electrically welded steel barrels. 
The illustration, Fig. 5, is of a saturator to 
make 2 tons of sulphate per day. It is 
prepared for scoop removal, the floor of the 
saturator in front of the curtain being double 
thickness of lead to resist wear. The gas 
inlet to the cracker pipe is shown entering 
the back, the manhole, acid funnel and gas- 
outlet being shown on the top; the slope: of 
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FIG. 5.—STANDFAST'S SATURATOR. 


the floor, and the method of constructing the 
framework, are also clearly indicated. 


LEAD BURNING. 


The important part which leadwork plays 
in a sulphate of ammonia plant requires that 
all lead which comes in contact with boiling 
acid should be of chemical quality, that is, free 
from impurities; and also that all seams 
should be well burned together. The ordinary 
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method of uniting lead sheets together is by 


: fusion with a flame of hydrogen burning in 


air ; but experience shows that such joints are 
very readily acted upon by hot acid, and also 
are mechanically weak in resisting the strains 
set up by changes of temperature, from hot 
whilst at work to cold when at rest. The 
union is frequently only superficial, and there 
is danger of tarnishing the cleaned surface 
at the moment of burning by the action of 
the flame, which may contain arsenic and 
sulphur from the zinc and acid used in the 
generation of the hydrogen gas. 

Mr. Robertson, Chemist of the Government 
powder works at Waltham Abbey, has tested 
samples of zincby the Marsh-Berzelius process, 
and found the following percentages of 
arsenic :— 

I. Samples from Ash and Lacey, о'оооо8 
to о”ооот» per cent. 

2. One sample, marked G. V. Giesches 
Erben, o: 0008 per cent. 

3. One sample, Brunner Mond & Co, 
(electrolytic), o* oooo8 per cent. 


Samples of sulphuric acid yielded per- 
centages of arsenic as follows :— 

(а) Denitrated, not concentrated, o*00022 
per cent. 

(4) Concentrated from the 
evaporator, 0°00022 per cent. 

(с) Chapman and Messel’s acid, o*ooorr 
percent. 


Not only is the impurity contained in the 
hydrogen gas injurious to the ‘ burning” of 
the lead, but it is poisonous to the workmen, 
especially if they are in close workshops or 
inside small vessels such as saturators. Dr. G. 
Lunge has studied the effect of AsH, (arsine 
or arseniuretted hydrogen) upon lead burners, 
and says that, taking 0'0005 per cent. of 
arsenic in the zinc and 0*00022 per cent. in 
the acid, a week's work in the soldering shop 
at Edmondsey would produce 180 c.c. of 
AsH,, forming on combustion 0°845 grm. of 
As,O, or o: 141 gram рег day. This amount 
of arsenic trioxide is small, but would easily 
be increased if a zinc similar to sample 
2 were used; but the danger due to smaller 
quantity is not to be disregarded, nor is that 
due to accumulations of arsenical dust. 

Arsine itself is much more poisonous than 
the As,O,; the escape of the impure hydrogen 
through faulty tubing, which is usually of 
indiarubber, or from connections or leaks in 
the apparatus, should be carefully guarded 
against. Robertson recommends that the 
gas before burning should be passed through 
a 5 per cent, solution of permanganate, or 
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of chromic acid in sulphuric acid, to remove 
the arsine; copper sulphate solution, pre- 
viously used for this purpose, has been 
found to be ineffectual. Other methods of 
avoiding contamination have been suggested, 
but the one which has been found best in 
practice is to use a blowpipe fed with oxygen 
and coal gas. If ordinary coal gas is not 
available, then cylinders of compressed hydro- 
gen, or better, compressed coal gasor acetylene 
may be used. Not only does the use of 
oxygen overcome the difficulties already 
enumerated, but it furnishes a flame of higher 
temperature, which 1s more efficacious and 
rapid in the fusion of the lead sheets. 

The compressed oxygen, which is at 120 
atmospheres pressure, is reduced to one atmos- 
phere by aregulator fixed on thecylinder. At 
this pressure it enters the blowpipe, which is 
on the injector principle, 7.e., the high velocity 
of the issuing oxygen induces the flow of the 
coal gas admitted concentrically. Each gas 
is controlled by a separate cock, and the size 
of jet is determined by the thickness of the 
sheets to be united. The flame has two cones : 
the inner, which is short and white, апа the 
outer, which is long and reddish brown. The 
lead is rapidly melted by touching it with the 
inner cone of the flame,and the metal surfaces 
remain clean and free from the discolouration 
usual with ordinary burning. 

The temperature reached with coal gas and 
oxygen may be 4000° Fahr. ; with hydrogen in 
lieu of coal gas about бооо” Fahr.; with 
acetylene 7000^ Fahr. ; and with the electric 
arc 7200? Fahr. In some cases, to avoid an 
oxidising flame,it may be necessary to alter the 
proportions of hydrogen or acetylene and the 
oxygen, with a reduction of the temperatures 
to 4200° Fahr. and 5700° Fahr. respectively. 
It is quite clear from these figures that the 
requirements of good lead burning may now 
be met, for if electric welding is beyond reach 
then the oxygen-fed flames may be employed. 


UTILISING THE SULPHUR, ETC., IN THE 
WASTE GASES, 

The ammonia contained in the gases 
liberated in the still having been absorbed by 
the sulphuric acid in the saturator, and the 
salt thus formed removed therefrom in the 
manner already described, the unabsorbed 
gases (H,O, CO, and H,S) are passed into 
the sulphur recovery portion of the plant. 
En route to this section it is possible to utilise 
the heat that they contain for the purification 
of ammoniacal liquor (as referred to in 
'"ГеснміСѕ, Vol. Il., page 420), or if not 
utilised, the hcat must be got rid of by cooling 
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the gases in an air or water condenser. At 
60^ Fahr. the greater part of the moisture will 
have been removed, and the comparatively 
dry gas may be passed into an oxide of iron 
purifier to absorb the H,S, leaving the CO, 
to pass into the atmosphere; or it may be 
partially consumed in a Claus kiln, in which 
case the reaction taking place is 2Н,5 +0, = 
2H,0+5,, but this is accompanied by another 
and undesirable reaction, viz., 2H,S + 30, = 
2H,0+2S0,. ‘The sulphur produced by the 
first reaction is deposited as “flowers” of 
sulphur in the chambers following the kiln, 
and the sulphurous acid gas produced by the 
second action is removed from the gases after 
they have left the depositing chambers by 
washing with water in a limestone tower. 

Where the output is sufficiently large the 
best method is to convert the H,S wholly into 
SO, and pass the same with nitrous gases 
into the chambers of a sulphuric acid. plant, 
thereby producing the acid required in the 
sulphate of ammonia manufacture. 


GENERAL EXPENDITURE. 


The chief items of cost are (a) labour, 
(4) generation of steam for heating the liquor, 
(c) sulphuric acid, (7) lime, (е) packing and 
delivery of the sulphate, (/) capital charges. 
Of these, we can only refer to the two im- 
portant ones viewed from a technical stand- 
point, namelv the chemicals used. 

Good grey sulphate of ammonia of 
merchantable quality can be produced from 
sulphuric acid made from spent oxide of iron, 
which in many localities is cheaper than that 
made from brimstone. Where acid made from 
pyrites is much cheaper than that made from 
oxide, it may be satisfactorily used 1Е it first 
be freed from arsenic ; this process may be 
carried out either at the vitriol works or at 
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Fic. 6.—MELDRUM’S LIMING APPARATUS. 


Determination of Silicon in Iron and Steel 


the sulphate of ammonia works. In the last- 
named case, the sulphuretted hydrogen in 
the gases issuing from the saturator may be 
used to throw down the arsenic in the vitriol 
in the form of sulphide of arsenic, and this 
may be removed by filtration. 

As to lime, the amount required is deter- 
mined by the proportion of ammonia present 
in the liquor as chloride, thiosulphate, sulphate 
and other fixed salts; and as an excess 15 
always required in practice, the extent of that 
excess must be checked by frequent analyses 
of the effluent liquor. As the ammoniacal 
liquor is flowing through the still con- 
tinuously, it is desirable that the lime 
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should mingle therewith in definite proportion 
and also in a constant stream. In addition 
to the method shown in the earlier part of 
this article, there is one in which the lime-feed 
is controlled by a steam injector. The 
apparatus (see Fig. 6) consists of a tank 
with steam jet agitator and air distributing 
pipe, together with an injector provide.l with 
cleaning plugs and removable nozzle. The 
mixing tank is made with a V-shaped lower 
part, near the bottom of which runs the air- 
distributing pipe,so that agitation Ismaintained 
and the tendency of the heavier particles of 
lime to settle is counteracted by the outrush 
of air from the perforations in the pipe. 


IN IRON AND STEEL. 


By FRED IBBOTSON, B.Sc. 


HEN steel or pig iron is dissolved 
in any one of the mineral acids 
or in any mixture of them, the 
silicon is converted into silicic 

acid and it is then only necessary to convert 
this into silica by dehydration. 

The results obtained by either of the 
following processes will be found to be practi- 
cally identical— 


Method 7/.—In the case of steel, weigh off 
five grams of the drillings into a wide beaker 
of about оо c.c. capacity and add about 
бо c.c. of the following acid mixture, replacing 
the cover-glass at once— 


Sulphuric acid (1° d 250 C.C. 
Nitric acid (1 а 400 С.С. 
Water. ‘ гооо C.C. 


Place the beaker over a heated sand bath, 
or preferably on a heated iron plate, and allow 
the contents to boil down as quickly as 
possible. Before all the nitric acid has been 
expelled, a thick crust of ferric sulphate will 
have separated, but the heating must be con- 
tinued further until copious fumes of sulphur 
trioxide escape. The silicic acid has then 
become completely dehydrated, and the mass 
may be extracted. This should be done at 
once by the careful addition to the hot mass 
of about 200 c.c. of warm water. The mix- 
ture is then heated to boiling, about 20 c.c. 
of strong hydrochloric acid being added to 
effect complete solution of the iron. The 
insoluble silica is then filtered through ashless 
paper or pulp, washed well with dilute hydro- 
chloric acid until the washings are free from 
iron, and finally ignited, 


SiO, X о'4667 = silicon. 


Method /7.—Dissolve five grams of steel 
drillings іп 40 c.c. of concentrated hydro- 
chloric acid and set the solution to evaporate. 
When the mass reaches the pasty condition, 
remove the cover glass, and conduct the 
subsequent evaporation cautiously in order to 
avoid loss by projection. ‘The dry yellowish 
residue is then further heated until all traccs 
of yellowness have disappeared, and a red or 
pink colour has taken its place. By this 
treatment the silicic acid 1s dehydrated ; after 
being allowed to cool, the mass may be 
extracted with about 20 c.c. of strong hydro- 
chloric acid followed by ten times as much 
hot water. After boiling for a minute, filter, 
wash as in Method I., and complete by 
weighing as silica. 

In both methods ignition is conducted in a 
weighed platinum crucible, and the residue 
should be perfectly white. The purity of the 
silica is tested by adding one drop of sulphuric 
acid and a few drops of aqueous hydrofluoric 
acid. The excess of the latter, and the 
silicon tetrafluoride formed, are then expelled 
by gentle evaporation, and the sulphuric acid 
at a higher temperature. "The last traces of 
this acid сап only be removed by heating 
over the blow-pipe or in a тийе at a bright 
red heat. ‘The loss in weight by this treat- 
ment represents the silica. 

In the case of pig irons (grey and mottled), 
one gram of the sample only is required, and 
Method І. is recommended. The final residue 
contains graphite as well as silica ; and the 
complete removal of this by ignition to carbon 
dioxide requires much more time. ‘The 
treatment of the final product with hydro- 
fluoric and sulphuric acids is strongly recom- 
mended in the case of graphitic irons. 


ELECTRICITY FROM TOWNS' 


REFUSE. 


By WALTER P. ADAMS, M.I.E.E., A.K.C. 


(Concluded.) 


E have seen that one and a-half 
pounds of steam per pound 
of refuse ought to be, and is 
in some cases, obtained in a 
well-designed destructor; and 
thus, under favourable con- 
ditions, 84 units per ton of 

refuse ought to be obtained. ‘This does not, 

by any means, represent the maximum obtain- 
able in the future destructor. ‘Two pounds 
of water per pound of refuse will certainly be 
obtained regularly under good conditions ; 
this, with the Hackney water consumption, 
which represents good modern practice, gives 

128 units per ton. In one Lancashire town 

[ am informed that as much as three pounds 

of steam is regularly evaporated per pound of 

refuse, but I have not had the opportunity of 
verifying this yet. 

Now let us consider what is actually being 
accomplished at the present time. I have 
recently been able to make a careful investiga- 
поп at the London works, and a few diagrams 
will help to demonstrate my conclusions. 

Fig. 5 is a diagram of the output of the 
Stepney Electricity Works during 1903. The 
shaded portion represents units generated by 
coal, and the upper part the balance gene- 
rated by refuse; these have been carefully 
measured and ascertained, and the result over 
the year is 32 units per ton. ‘The arrange- 


ments for utilising the steam generated from 
the Stepney refuse are far from satisfactory, 
and for every unit generated from the refuse- 
steam no less than 72:5 pounds of water 
were evaporated. 1 must not enter too fully 
into details, but with improved arrangements 
so units per ton ought readily to be obtained. 

In Fig. 6 we have the Fulham load 
diagram for year ending May, 1903. Owing 
to the neglect of water measurement, the 
units generated from coal had to be calcu- 
lated. ‘This, however, has been done with 
care, and the refuse value is approximately 
correct: for the year, 27:8 units were 
generated per ton of refuse burnt. Fig. 7 
shows, howcver, that the load on the station 
is not large enough, on the morning and 
afternoon shifts, to utilise the full value of the 
refuse which is burnt steadily throughout 
twenty-four hours ; and only on the last shift, 
or peak load, is the value of the refuse 
obtained. This diagram 15 valuable as 
demonstrating that some 70 units per ton 
might be obtained throughout the day, 
instead of 45°3, if the load on the first 
two shifts rose to доо kilowatts. I have 
drawn out a number of day load diagrams 
for Fulham, some giving better and some 
worse results ; that reproduced, may be fairly 
taken as an average. In summer, with a 
smaller load, considerably less than an 
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Fic. 5.—CURVES SHOWING OUTPUT OF STEPNEY ELECTRICITY WORKS (1903). 
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Fic. 6.—FULHAM LoAD DIAGRAM, FOR YEAR 1903. 


average of 48 units per ton over twenty-four 
hours is obtained, so it will be readily under- 
stood how the low year’s average of 27°8 
results. When the load on the works is large 
enough, and the water consumption is re- 
duced to a reasonable figure, 70 units per ton 
should ultimately be obtained. 

I have already spoken of the economical 
nature of the electrical generating plant at 
Hackney, so here good results might reason- 
ably be expected; and if we confined our 
attention to Fig. 8, giving the load on the 
works for the year ending May, 1903, the 
figure of 41 units per 
ton would be disap- 
pointing; but with воо. 
the aid of a day load 
diagram (Fig. 9), тоо. 
this, however, is 
readily explained. It «so 
will be seen, as at 


Fulham, the load on  ,,, NM 
the generators is not AN E 
sufficient to get the 2am 
full value from the *°° See 


refuse, except on the 
last shift; it is, how- 
ever, sufficient for the 
rest of the day, and 
only on the peak is 
coal burned. ‘The 
value of the refuse on 
the peak is over тоо 
units per ton, and if 
the load were big 
enough, there is no 


reason why 100 units per ton should not be 
obtainable throughout the day, as the refuse is 
burnt at a uniform rate. Fig. ro is of specia 
interest, as on this day no coal was burnt, 
and again the figure of about roo units per 
ton was obtained ; in several other diagrams 


I have drawn, similar results are obtained. 
'There is, however, a deduction to be made 
to place them on the same level as the 
Fulham and Stepney figures, as the blast is 
driven at Hackney by electricity, and at 
Fulham by steam jet ; 
figure to about 9o. 


this will bring the 
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Fic. 8.—HAcCKNEY LOAD DIAGRAM, 


is of poor quality ; but, making allowance for 
this, 8o units per ton ought to be obtained 
all the year round when the load is large 
enough. 

It will be observed, in endeavouring to 
arrive at the ultimate value of the refuse, I 
have used the expression “ought to be 
obtained.” It is just here that the efficiency 
of the management comes in, and the poor- 
ness of the results obtained in some combined 
works is largely due to the personal element. 

The plant at Wool- 
wich is only recently xu 
completed, but from 
information to hand I 
look for better results 
even than those being 
obtained at Hackney. 

The results obtained 
at Partick are also 
worthy of note; some 
60 units per ton of 
refuse burnt have been 
recently obtained over 
several months, and 
this with the plant 
working non-condens- 
ing, and taking some 
55 pounds of water per 
unit generated. 

The progress that 
has been made of 
recent years is remark- 
able. Three years ago 
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60 units per ton been 
claimed in one or 
` twocases. Until the 
reading of my paper 
on the Combination 
of Electricity Works 
and Dust Destruc- 
tors, before the In- 
stitution of Electrical 
Engineers in De- 
cember last, such a 
figure as тоо units 
per ton seems never 
to have been dream- 
ed of, and in all my 
close investigations 
on the subject, ex- 
tending over three 
: Ka ee years, such a figure 
i was never met with. 
In conclusion, the financial aspect of this 
question may fittingly receive a brief notice. 
The most important consideration is the fuel 
value of the refuse, but besides this, when a 
refuse destructor is combined with an elec- 
tricity works, there should be savings in 
labour and management costs, and some 
saving in capital expenditure, with its at- 
tendant reduction in the annual capital 
charges. 
Dealing with the fuel-value of the refuse in 
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30 Or 40 units per ton 
were considered the 
best possible practice, 
and only recently have 
such figures fas 50 and 


СНЕ 


1$. 1, 9. 8& 4 з 6 Y 8 9 i0 i£ :$ ài 8. 3 4 э ве т BA юм ы 
10 Cells alk day. 
Fic. 9.—HACKNEY-LOAD= DIAGRAM FØR 'ONEZDAY. 


Electricity from Towns’ Refuse 367 
TABLE V. 
E Ote {йз Ton | f B h Il 
Obta.na Fuel Val Refuse, F al j í 
| Tons of Units per К hen all. poii | Vest ending March? 1903: Refuse 1S Durat Usefull у. 
Town. Refuse Burnt| l'on now с Unit 
in One Year. | obtained. | Usefully. а ы 
i (Engineer s | | rom Coal. | oral Рае Der | Total шш 
| РЕ Ё & uu. mE 
Shoreditch . 25,729 31 | 38 , 1°04 | 3052 28°5 | 4320 40 
Stepney . 41,250 40 40 |. o'8 2035 11°38 5500 32 
Fulham 30, 200 45 52 o'64 | 1817 | 14°4 | 5000 33°4 
Hackney. . 34,006 45 64 0°39 2272 16 | 4000 25°3 
Shipley 6,525 40 | до O'4I 406 15 16°4 
Partick 13,500 50 67 | 039 | 40 | 83 | 812 14°5 
Gloucester. 7,900 | — | 56 о'78 ' — — | I465 44 


a combined works, it is necessary to ascertain 
the probable coal cost where the electricity 
works run on coal only. It should not be a 
difficult matter to ascertain this in practice, 
as the works, at intervals, could be run for a 
week on coal only, and the value ascertained. 
In one or two cases direct information is to 
hand, notably from Hackney and Stepney ; 
but at Fulham and Shoreditch it can only be 
estimated. In a few provincial towns, also, 
trustworthy data are available. ‘This informa- 
tion is given in Table V. 

In column 4 the somewhat modest estimates 
of the engineers have been taken. These 
figures ought most certainly to be exceeded, 
and the figures I have named in the earlier 
part of my article obtained; in such event 
the fuel-value of the refuse would be propor- 
tionately increased. 

Where the cost of coal is high, it is probable 
that the fuel-value of the refuse is considerable, 


and its development well worth while. This 
is notably the case in London. Table I.* shows 
plainly that London refuse, burnt in a modern 
destructor, should produce one and a-half 
pounds of water per pound of refuse, and 
that 4o pounds of water should suffice to 
produce a unit. Making good allowances 
on both heads, бо units per ton should be 
obtainable. The coal cost in London 
uncombined stations is about o'7d. per unit 
generated ; the fuel-value of the refuse is, 
therefore, say 3s. 47. per ton. ‘There are 
one and a-quarter million tons of refuse col- 
lected annually in the County of London, 
which has, therefore, a fuel-value of over 
4,200,000 per annum. 

These figures speak for themselves ; but it 
is necessary to add, by way of caution, that 
owing to the variable nature of refuse in 
different localities, good results cannot always 
be counted upon, and it is desirable that 
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refuse from each town 
be carefullyexamined 
to ascertain its calori 
fic value before a 
destructor scheme be 
decided upon. 
Considerable im- 
provement has un- 
doubtedly taken place 
since the installation 
of the pioneer com- 
bined electricity and 
destructor works at 
Shoreditch, and im- 
provement may still 
be looked for in the 
direction, firstly, of 
increased steam- 
raising value, which 


ж Technics, Vol. III., 
No. 15, March, 1905, 
p.266; 
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means more perfect combustion of the carbon 
and its utilisation; secondly, a reduction in 
the quantity of clinker produced, and as a 
consequence an improvement in its quality, 
thus rendering it more saleable; and thirdly, 
in the charging arrangements, by means of 
which there should be less unpleasantness 
and dust in its handling. 

So far as the efficiency of the destructor is 
concerned, as a means of destroying refuse, 
there is httle room for improvement ; and in 
a properly worked modern destructor there 
is practically no nuisance from smell 


after the refuse has found its way into the 
furnace. ‘This is a point that is not yet 
sufficiently appreciated ; prejudice dies hard, 
and the unsatisfactory nature of the early 
destructors, and the bad odour into which 
they came, still clings to them. А visit to a 
modern destructor will soon indicate that 
there is no unpleasantness resulting from the 
destructor, but simply from the refuse itself on 
its way to the furnaces ; and it is just here 
that the need for improvement in the handling 
of the refuse and charging of the furnaces 
comes in. 


OVER-HEATING OF STORED COAL. 


HE storage of coal in bulk, in 
view of the fire danger that 
it affords under certain con- 
ditions, is a subject of some 
importance to those engaged 
in many industries. Cases 
of spontaneous combustion 

are of frequent occurrence; generally they 
are caused by improper methods of storage 
arising out of the prevailing ignorance on the 
subject. Warmth or damp in a coal heap 
sets up a slow process of oxidisation, and 
heat that cannot escape being evolved, the 
effect becomes cumulative, both the oxidisa- 
tion and heat increasing until ignition finally 
results. Since oxidisation is primarily the 
cause of the trouble, it is evident that the 
frequently employed system of placing air 
tubes in the heap is radically wrong, unless 
the tubes are constructed of such a size as 
to permit a constant current of air to pass, 
sufficient in quantity to carry off the heat 
evolved. Аз а rule this is not the case, and 
such tubes are often too small and arranged 
upon no proper ventilating system, with the 
result that, instead of producing a draught, 
they simply convey air to the interior of the 
mass and thereby assist oxidisation. Bitu- 
minous and semi-bituminous coals are far more 
liable to heating than those of the anthracite 
class; and the more damp, volatile matter 
and sulphur they contain, the greater is the 
danger of ignition. 4°75 per cent. of water 
may be taken as the limit that coals of this 


class should contain, to be safe from undue 
heating when piled; and should the tempera- 
ture of the heap attain 140° F., under any 
conditions, trouble may be anticipated. A 
simple and effective method of testing the 
temperature at the centre of a heap consists 
in ramming an iron rod through to its heart, 
leaving it there a sufficient time for it to 
acquire the full heat. Upon withdrawal, an 
experienced man can tell by his hand if the 
temperature is dangerous ; or a thermometer 
may be applied to it, the two being enveloped 
in a handful of waste for a minute or so. 
The precautions that should be taken against 
the over-heating of stored coal are simple. It 
should never be heaped if thoroughly wet, 
and should be kept in iron or concrete 
bunkers in a cool place not adjacent to boilers 
or flues. ‘The pile should never exceed 
twelve feet in depth, and should be arranged 
with efficient ventilating spaces round the 
sides and at the bottom. In the event of 
combustion or over-heating occurring, the 
best plan 15 to turn the coal over thoroughly ; 
pouring water on the top of the heap ts of 
little use, as it may only penetrate sufficiently 
to make matters worse. If turning over is 
impossible, and the heart of the pile is sus- 
pected to be alight, an effective method is to 
ram in a good-sized pipe drilled at the end 
with several holes. When this has penetrated 
the surrounding coked fuel, a stream of water 
should be turned on to it, which will speedily 
result in extinction of the fire. 


EXPANSION CURVES. 


By WALTER A. SCOBLE, A.R.C.Sc., Wh.Sc. 


T is frequently necessary to 
set out a curve having an 
equation of the form fz" = 
constant, and a method of 
doing this, given in the 
American Machinist for 
June 21st, 1900, has received 

much attention since the publication of 
Mr. Stoddard’s pamphlet on “Gas Engine 
Design,” and of a letter from Professor Perry 
to Nature, October 8th, 1903, each of which 
gives the method. The October issue of 
TECHNICS contains an article by Mr. H. J. 
Jones on “ Expansion Curves,” in which the 
method is again given, but here it is also 
somewhat developed. 

The problems in connection with expansion 
curves are: (1): Given the equation, to set 
out the curve ; (2): To find a value of л which 
will give a curve of the above form most 
closely approximating to a given expansion 
curve ; and (3): To find the value of я at any 
particular point on an expansion curve. As 
I do not wish to include in this article matter 
which has already been published, I must 
ask my readers to refer to the October issue 
of TECHNICS for a detailed explanation and 
proof of the method under discussion, and 
they will also find a new problem proposed ; 
(4) : Given an indicator diagram, to find the 
clearance of the cylinder from which the 
diagram was taken. 

Considering our first problem, given the 
equation, to set out the curve, to the average 
engineer the method is of interest mainly as 
a neat construction, as, although it gives the 
curve with great accuracy, when we consider 
that probably a point on the curve must have 
its position calculated, and then, after taking 
a convenient angle a, 8 must be calculated 
from the relation, 1 + tan B = (1 + tan e)", 
and set out, we are forced to the conclusion 
that little is saved as compared with calculat- 
ing four or five points on the curve in the 
ordinary way. Anyone having much work 
of this kind should have a copy of Mr. Stod- 
dard's pamphlet, in which he gives two curves 
connecting # and tan B for two convenient 
values of tan a, so that the work necessary to 
set out a curve is much reduced. 

If the curve and the axes of pressure and 
voiume are given, it 1s generally recognised 
that the most satisfactory way to obtain 7, 
as required in our second problem, is to plot 


corresponding values of log 2 and log v, and 
calculate л from the straight line lying most 
evenly amongst the points. Anyone who has 
done this for himself must realise that the 
result obtained is only an approximation, as 
already stated, but this fact does not appear 
to be properly realised by many engineers, 
who will, therefore, not understand the 
necessity of problem (3). As an example I 
have plotted log 2 and log v for an actual 
expansion curve, and taking a mean, straight 
line between the points, I find 4 = *82 nearly. 
Considering only the first two points, and 
drawing a straight line through them, I find 
for this part of the expansion curve z = °68 
nearly. ‘This shows that м varies as we pass 
along the curve, and should also suggest a 
method for finding # corresponding to any 
point on the expansion curve. Mr. Stoddard 
applies the construction that we are chiefly 
concerned with here to find л for any point, 
but I must refer my readers to his pamphlet, 
as I do not feel justifed in publishing the 
method, although it is simple, and a direct 
application of the construction to an expan- 
sion curve. 

So far the method has not enabled us to 
tackle any new problem, but many people 
claim that it will give the clearance when 
applied to an indicator diagram. ‘This is 
given in the article on “ Expansion Curves," 
mentioned above, and in it Mr. Jones states 
“That the clearance can be obtained in the 
case of gas engines correct to 4 per cent., 
and for steam engines correct to 7 per cent." 
If this were so, the method would have a new 
and very distinct value, as it is very easy to ` 
imagine cases in which the clearance volume 
is not known, and in which it would be at 
least inconvenient to measure it. However, 
if we consider the matter carefully, there are 
several reasons which would appear to make 
the accuracy of the method doubtful. In the 
first place, we are no longer dealing with a 
curve which exactly satisfies an equation of 
the form ^" = e as explained above, and 
we now have two unknowns, the clearance, 
and л; and bearing these facts in mind, it 
seems probable that there will be a certain 
amount of give and take between these two 
quantities. Again, taking an actual indicator 
diagram, if we wish to obtain more than two 
or three points on the required straight line, 
a must be madé smalb(see/Figs. 3 and 4), 
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and consequently the point through which 
the vertical axis of pressure must be erected 
is given by the intersection of two lines 
inclined to each other at a small angle. 
The difficulty in fixing such a point of 
intersection exactly is well known. It will 
also be noticed, from the figures given, that 
the points through which the straight line 
has to be drawn are close togcther, and at 
a comparatively large distance from the 
required point of intersection. If we remem- 
ber that the points obtained will not Пе 
exactly on a straight line, and that because 
of the above facts a small change in direction 
of the line causes a large change in position 
of the point of intersection, we find that it is 
improbable that the clearance can be obtained 
accurately by this method, especially as, 
when set out as a fraction of the working 
volume of the cylinder, it is represented by 
a very short length. 


FIG. І, 


However, having recently certain indicator 
diagrams that I wished to study, and not 
knowing the clearance volume of the cylinder 
from which these were taken, I decided to 
test the method by applying it to a diagram 
taken from the cylinder of an engine working 
under much the same conditions, and for 
which the clearance volume was known. 
The result is given in Fig. r, and even 
neglecting the fourth point, which is least 
likely to be accurate, the value of the 
clearance given by the construction is seen 
to be very unreliable, because of the reasons 
already referred to. 

I next applied the construction to a diagram 
for the cylinder of which the clearance 
volume was not accurately known, but 
believed to be from 8 to то per cent. of the 
working volume. The corresponding result 
is given in Fig. 2, and shows a large negative 
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clearance. "This I could only explain by the 
give and take between the clearance volume 
and 4 mentioned above, but the result was 
so unexpected that I tried other diagrams 


Fic. 2.—(O IV. touches end of diagram.) 


taken from the same cylinder under as nearly 
as possible the same conditions. Figs. 3 
and 4 give typical results from one diagram, 
using different values of В to obtain more or 


FIG. 3.—(O P touches end of diagram.) 


less points, and it is seen that the position of 
the point of intersection found in each case 
is much the same. 

The method having proved so untrust- 
worthy in the above cases, I tried it on a 
diagram which would appear to suit it much 


Fic. 4.—(O P touches end of diagram.) 


Expansion Curves 


better, the point of cut-off in this case being 
earlier and the initial. pressure high; the 


curve is much steeper, so that the points of 


intersection of the horizontal lines with the 
curve can be easily fixed, and the points on 
the straight line required extend over a much 
greater length and approach nearer to the 
-equired point. of intersection, from which 
the vertical axis of pressure should be drawn. 
The result is given in. Fig. 5, and it is seen 
that again the result is far from being correct. 

It should be remembered that the diagrams 
considered have been selected at random, 


only the points stated governing the kind of 


diagram used in Fig. 5. We are thus forced 
to the conclusion that the distinctive appli- 
cation ascribed to the method is not practical, 
and its use should be limited to that originally 
given. 


P 


In order to determine whether the error in 
the value of the clearance volume found by 
the above method was due to errors in con- 
struction which could not be eliminated, or 
to the fact that the curve could not be exactly 
represented by an equation of the form 
po" = constant, I found the value of the 
clearance from the curve by a method based 
on the assumption that curve satisfies this 
equation, but which does not involve any 
construction, the accuracy of which can be 
doubted. 

Considering a рош on the expansion 
curve, P is the absolute pressure, v is the 
volume swept through by the piston, and с 
the clearance volume measured when set out 
on the indicator diagram in the ordinary way. 
Any scales may be used. Then 

(1) RP 
c, n and & being constants. 

To find the value of с, since there are 
three unknowns, suppose that at three points 
on the expansion curve the corresponding 


fi = 4`4, 7 = 
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pressures and piston-swept volumes arc Ait, 
Pv, Рз" з. Then, putting the above equation 
in the logarithmic form, we have 


(2.) logp+x log (v +c) = log Л, 


and, кыраш our particular values, we 
have 


(3. log A, + 7? log (7, + с) = log Л. 
(4.) log 24 + # log (7, + с) = log Л. 
(5.) log ps + # log (73 + с) = log Л. 


Taking (3* and (4) together, we have 


(6.) log ^, — log 2, 
= n log (t, + c) — n log (7, + 0). 
Similarly, from (4) and (5), 
(7.) log 2, — log py 
= n log (тз + с) — л log (74 + о). 
Eliminating # between (6) and (7) 
log ^, — log ^, — log 2, _ log 22 + с) — log (v " + ‹) 
log р, — | Рь = log f. Рз lg(e4 с) — log (t, + с) 
In this equation, ¢ is the only бй, 
and therefore its value сап be determined. 
The following values were taken from 


Fig. 6, and correspond to the points A, B, 
and C :-— 


3°24; Po = 3'15, 74 = 5°12; 
Ёз = 2°30, 73 = 7°75. 

Substituting these values, 
log iS log fa. 


1*159. 


log ^, — log 23 


Taking ¢ to be a variable, then to find its 
value, put 


log (r, + д — log ( +) _ 

log (74 + с) — log (74 +0) — 
Using the above values of v, т, and 7%, 
the following corresponding values of c and y 


are obtained :— 


€ y € y 
0'4 1'068 o 1'104 
o'5 1'06 —0'5 I'16 


To find the value of с, which will make v 
equal to 17159, ро y and с on squared 


HHE eE RM 
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FIG. 7. 


0-6 + 


paper (see Fig. 7), and find where the curve 
cuts the line y = 17159. The corresponding 
value of c is that required, or the result in 
this case 15 ¢ = — о'49. This would corre- 
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spond to a negative clearance of nearly 
5*5 per cent. The true value was about 
+ 6 per cent. 

It therefore appears that we аге not 
justified in our assumption that the ex- 
pansion curve can be represented by an 
equation of the form рг" = constant, for 
the purpose of finding the clearance. 

I have not given any examples of gas- 
engine diagrams ; as for them, Mr. Stoddard 
has shown that a curve is obtained instead of 
a straight line. This removes the assumption 
that the expansion curve exactly follows one 
law throughout its length, but still further 
increases the difficulty of fixing the required 
point of intersection with the axis of volume, 
and if we replace the straight line given in 
any of the figures by a curve drawn through 
the points, we do not obtain an accurate 
value for the clearance, and we are forced to 
the conclusion that it cannot be found from 
the indicator diagram. 


A PETROL LOCOMOTIVE. 


HE petrol motor is constantly 
having its sphere of utility extended 
and being put to new uses, either 
on the score of economy or con- 

venience — generally the latter. А later 
development than the petrol-electric coach is 
a petrol locomotive. This locomotive has 
recently been built by the Wolseley Tool and 
Motor Car Company, Limited, of Birmingham. 
It runs on а two-feet nine-inch gauge, and is 
intended for shunting or other intermittent 
work of a like nature. It is engined with 
а 25 b.h.-p., two-cylinder, horizontal, petrol 
motor and, in running order, weighs about 
three tons, ‘The cylinders are each six inches 
bore and seven inches stroke, and the motor 
runs normally at боо revolutions per minute. 
The locomotive has a gear-box which provides 
two gear ratios in each direction, correspond- 
ing to about four and а half, and nine miles per 
hour respectively, the maximum speed. being 
about twelve miles per hour. “Phe greatest 
draw-bar pull on the low gear is 1250 lbs., 

which shows the efficiency of the transmission 
to be about бо per cent. The locomotive 15 
intended to deal with loads of about ten tons, 


although, when required, it can pull more 
than double this load at a slow speed on the 
level, under favourable conditions. When 
working constantly, the fuel consumption 
averages about one and a half gallons per 
hour, which, at first sight, appears prohibitive 
when compared with the coal consumption 
of a small steam locomotive ; but it must be 
borne in mind that when not actually running, 
the fuel consumption 1s nothing, as the motor 
can be stopped when not required to move 
for a few minutes. l'here are many interest- 
ing departures from ordinary motor car lines 
to make the locomotive suitable for its work. 
The gear-box is mounted on one axle, and 
suspended in the manner used with respect 
to an electric motor on a tramcar, the 
power being transmitted to it from the motor 
by a “ Renold silent chain.” ‘The circulating 
water is cooled by a radiator which has a 
draught of air induced through it by means 
of the exhaust up the funnel, which is in 
reality an. exhaust silencer. l'he wheels are 
eighteen inches in diameter, and the wheel- 
base is three feet, enabling the locomotive to 
take a curve of cnly 28 feet radius. 


DEFECTS IN COTTON YARNS. 


By J. H. DAWSON. 


FIG. 1.—ORDINARY MOTES. 
(Magnified 2 diameters.) 


OTTON yarns are subject to 
various defects, and when 
these are present in any 
quantity, evil days are in 
store for those who have to 
deal with them. There are 
two distinct kinds of yarn, 

weft and twist, with several varieties of each. 
The weft or woof is practically a strand of 
cotton fibres twisted to the right, whilst the 
twist yarns are composed of fibres twisted in 
the opposite direction. The variety of cotton 
differs for weft and twist, but we are not con- 
cerned with this phase of the question in the 
present article. Weft is used as the filling of 
the various makes of cloth, whilst the twist is 
used as the framework. Twist yarns are also 
used for sewing cottons. А good weft yarn 
should possess regularity in colour, grist and 
Strength ; it should be pliable and clear of 


“motes,” “пер,” leaf, ‘“slubs,” “stains,” 
" snarls,’ and thin places. Twist yarns 
should, above all, possess strength and 


elasticity ; at the same time they should be 
as free as possible from the aforementioned 
faults. 

The worst fault, perhaps, that can affect 
either weft or twist is “thin places." When 
these are present in the twist, the weaver is 
very severely handicapped: the yarn is con- 
stantly breaking in the loom, being unable to 
bear the strain put upon it in the weaving 


process. "This causes the weaver extra work 
in the piecing up of broken ends, and a loss 
of wages through the loom being stopped. 
The cloth produced is unsatisfactory in 
appearance : nor is there the quantity turned 
off in a given time that there otherwise would 
be. In the weft * thin places" are equally 
annoying, causing “ broken picks,” “cracks,” 
loss of production, and extra work for the 
weaver. 

Thin places may be, and are caused in 
several ways, and at various stages of the 
spinning process. The most fruitful causes 
are irregular mixings, or too much waste in 
them ; irregular draughts (air currents) in the 
blowing room; overdrafting in any of the 
machinery ; bad rollers ; “ cutting” from any 
cause, in drawing, slubbing, roving, mule or 
ring; “ stretching " or tight winding in any of 
the speed frames, or in the mule; and lastly 
intermediate or roving frame “ single." 

It will be seen from the above that there 
are many ways in which thin places cau be 
produced ; to trace the fault to its origin is a 
matter for practical deduction. The distance 
apart of the faults is the first clue. 1f the 
thin places come, say, every 64 inches, or the 
length of a mule stretch or draw, the proba- 
bility is that they are caused by tight winding 
at this machine, and are “ faller cut." If they 
are about every 3i inches, and the mule 
front roller is 1 inch in diameter, the yarn 
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may be “roller cut.” The cause of roller 
cutting may be any of the following :—bad 
piecings in the roller leathers (the fault of 
the roller coverer): a tooth or more out of 
the pinion wheel, back or front roller or 
carrier wheels, or any obstruction in the teeth 
of the same : set screws or nuts and bolts 
loose. In these instances the distance apart 
of the thin places will depend upon the 
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detected on the speed frames by an 
experienced eye, even whilst the frame 1s 
working; it may be noticed easily on the 
roving or slubbing when completed. The 
rovings, etc., from frames that are winding 
tight, always show places where the material 
is sunken below the level of the surroundings : 
these places present a ‘‘ pulled in” appearance. 
Intermediate single and roving single are 


FiG. 2.—BEARDED MOTEs. 
(Natural size.) 


* draft" in the rollers and the sizes of the 
wheels. Bad squares in the steel rollers will 
also cause cutting, but only, as a rule, once 
every draw or stretch. 

If, upon careful examination, the cause 1s 
not found in the mule, it 15 as well to 
examine the product of the previous machines, 
that of the roving frame first, and using the 
same line of reasoning to endeavour to trace 
the fault. "There is one thing the investigator 
can be certain of, 2':2., if the thin places 
occur at equal distances apart the yarn 15 
cut; if at irregular intervals, they are either 
due to stretching, or else produced in the 
mixing or blowing rooms. ‘lhe material can 
be stretched at any of the speed frames by 
the use of unsuitable “ rack " wheels. Some- 
times the wheel itself will cause the stretching 
by winding the stuff too tight; whilst on the 
other hand, the frame tenter may be respon- 
sible for attempting to accelerate winding by 
“ jacking " the frame up rather more than the 
amount required. ‘light winding can be 


distinct types of thin places, and are caused 
by carelessness of the frame tenters. 
After thin places, the most annoying fault 


Fic. 3.—'* NEPS." 
(Magnified about 2} diameters.) 


Defects in Cotton Yarns 


Fic. 4.—VgiNs OF LEAF OF COTTON PLANT. 


(Natural size.) 


is the presence of “motes” in quantity. 
* Motes " (Figs. 1 and 2) consist of portions 
of the outside husk of the seed ; as a rule 
they possess a fine mossy covering, composed 
of short immature fibres. ‘These fibres have 
earned for the motes the title of “ bearded 
motes” ; it is owing to the “ beard” that the 
motes are so objectionable. ‘The short fibres 
attach themselves to the surrounding lint, 
owing to the natural convolutions explained 
in a previous article,* and are therefore very 


* TECHNICS, Vol. I., pp. 227-230. 
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difficult to get rid of : in fact, it is almost 
impossible to clear them all from the 
cotton, and the consequence 15 that yarns 
containing them are of little value. Cloths 
woven from these yams are sometimes 
irrevocably spoiled by the “bleeding” of 
these “motes” in the finishing process. 
A complaint of “ bleeding motes” is one 
that a manufacturer does not care to 
receive. 

The most practical way out of the 
“mote” difficulty is to convince the 
ginners of the evil results arising there- 
from, and have the fault eradicated in 
its conception. ‘The presence of these 
small particles in the lint arises from the 
seeds being smashed up in the ginning. 
If the seeds were all removed whole, 
* motes ” could not be formed. 

“Neps” (Fig. 3) are sometimes similar in 
appearance to motes, and may be often mis- 
taken for them. ‘The difference lies in the 
fact that a “nep” is composed entirely of fibre, 
and neither seed nor leaf enters into its com- 
position. 

‘The cause of the “nep” is the rolling 


together of one, two, or more fibres or part 


fibres, and the formation thereby of a small 
object varying in size from the smallest speck 
visible to the naked eye, to the size of a pin's 
head. Neps can be, and are caused at the 
gin, and at the carding engine, by faulty 


Fic. 5.—'* BLACK SLUBS" CAUSED BY NEGLIGENCE IN CLEANING AND BRUSHING DOWN, 
(Natural size.) 
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Fic. 6.—CLEARER WASTE SLUBS. 
(Slightly reduced.) 


setting of the various parts, or by overworking 
the machines. At the gin, heavy feeding, 
. indifferent sharpening of the saws, careless 
setting of the same, or of the gin breasts, 
will directly cause “neps,” and will also 
produce “cut” and “stringy” cotton, which 
will nep elsewhere in after processes. The 
carding engine will cause neps when fed with 
“stringy " cotton (caused either at the gin or 
at the scutcher) when too much weight is 
being put through in a given time, or when 
the card wire is unclean from want of strip- 
ping, dull from want of grinding, or *touch- 
ing" through defective setting. Neps are 
very objectionable when present, but at the 


same time are also easily avoided ; they differ 
from motes in this respect, and also in the 
fact that whilst the imperfect removal of the 
cotton seeds is sometimes (especially in damp 
seasons) almost unavoidable in certain makes 
of gins, neps are formed purely and simply 
through carelessness. Generally, “leaf” is 
not so difficult to get rid of as motes, but 
there are certain species of cotton plant the 
leaf of which has a very tough and tenacious 
vein, which seems to leave the surrounding 
portion and mix itself up with the fibres 
(Fig. 4). These veins go forward when 
incorporated with the lint cotton, and being 
spun into the thread, give a very ugly ap- 
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Fic. 7.—ВАР PIECINGS. 
(Natural size.) 


Defects in Cotton Yarns 


pearance to the cloth containing them. The 
only way to avoid this fault is to see that the 
machinery designed for removing leaf, etc. 
(i.e, the blowing room machinery) is set and 
arranged so that the leaf is removed as far as 
possible. without being broken up. Of course 
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amongst the great army of cotton pickers, 
this very desirable result will never be at- 
tained. “ 51065” is the name given to a 
type of fault that can be caused in a score of 
different ways. All “slubs” are alike in 
one respect, 7/2, they are an intolerable | 


Fic. 8.—SLUBS CAUSED BY * DRYING DowN ” AT RING FRAME. 
(Natural sise.) 
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careful “ picking ” ‘on the cotton plantation 
is the best remedy. It is clear that if the 
cotton were picked from the plant without 
the inclusion of leaf, the fault under discus- 
sion would not exist; but as there must of 
necessity be many degrees of proficiency 


nuisance and the cause of much incon- 
venience and loss to both employer and 
employee. Dirty and ill-kept clearers at the 
draw frame, slubbing, intermediate, roving 
and ring frames, and also at the mule, will 
cause "slubs" (Fig. 5). Clearer waste slubs 


Fic. 9.—SLUBS FROM ' FLYER LEG" AT RoviNG FRAME. 
(Slightly reduced." 


Fic. 10.—SLUBS CAUSED BY RUNNING DOUBLE. COMMONLY CALLED ‘f THICK SLUBs,” 
(Slightly reduced.) 


Fic. 11.—SLUBS CAUSED BY BROKEN END FLYING ABOUT AND CATCHING ON ITS NEIGHBOURS. 
(Slightly reduced.) 


Fig. 12. —** CRACKERS,” ONE OF THE WORST FAULTS IN YARNS, ESPECIALLY IN FRAME TWIST. 
(Mast Bed 3 Aet.) 


Defects {п Cotton Yarns 


can be easily distinguished upon examina- 
tion (Fig. 6). Ваа piecings at any of 
the above machines will cause a similar 
fault (Fig. 7). 

A slub caused through a bad piecing has 
an appearance far different from a clearer 
waste slub. Neglect in “drying down” at 
the speed frames and ring frame will cause 
another different type of slub (Fig. 8). An 
accumulation of “fly” getting on the material 
from the flyers and pressers, the creels, or the 
roller beams at the slubbing, intermediate, 
and roving frames will form a slub of an 
appearance distinct from any of the others 
(Fig. 9). An hour spent in mastering the 
appearance of these and other types of slubs 
will pay the student or the practical man 
either, as the fact of being able to locate the 
cause of the fault at a glance will save 
endless trouble. 

*Stains" are caused chiefly through the 
careless handling of lubricants, and when the 
fault is not detected before it gets into the 
weft, “black” .weft is reported. A little 
careful examination and common reasoning 
will show where the stain has originated, and 
suggest means whereby the extent of the 
damage may be minimised. 

“Snarls” are always caused at the machines 
where the finishing twist or turns are imparted 
to the thread, z.e., the mule, ring, or throstle 
(when the latter is in use). It does not 
follow that the machine putting the snarls in 
Is primarily responsible. Certainly the mule 
is responsible for snarls caused through slack 
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winding; but there are snarls that form in 
small bunches, caused by the twist running 
into the thin places. If thin places in the 
roving are present in any quantity, sufficient 
“drag” or “carriage gain” can be put into 
the mule to stretch out all the snarls that will 
form in the circumstances, but the probability 
is that the remainder of the yarn will be 
overdrawn, and the cure may be worse than 
the original evil. If this is found to be so, 
the snarls must be allowed to go on whilst 
the cause of the fault is removed.  Snarls in 
the ring and throstle frames can be caused by 
insufficient drag, slow running and careless- 
ness in starting and stopping the frames. 
The small bunches of snarls caused through 
thin places in the mule, sometimes take 
another shape and name in the ring and 
throstle. ‘The twist runs up into the thin 
places, but the snarls are very much smaller— 
in fact, a number of these snarls will run 
together and form a swelling on the thread 
almost like a large elongated nep. When 
the thread is pulled from opposite sides of 
one of these swellings, as much as two or 
three inches will sometimes pull out of one 
place, the yarn having a kind of elastic 
nature. Whilst pulling out, the swelling, of 
course, gradually decreases, and a kind of 
cracking noise is produced. From this fact 
the fault—a very objectionable one indeed— 
goes under the name of *crackers" (Fig. 12). 
Crackers can also be caused by overdrawing, 
or underdrawing the cotton, and by mixing 
long and short staples together. 


THE FORTHCOMING OPTICAL CONVENTION IN LONDON. 


AN Optical Convention is to be held at the 
Northampton Institute, Clerkenwell, E.C., 
from May 31st to June зга. The president 
will be Dr. R. T. Glazebrook, Director of 
the National Physical Laboratory, and among 
the vice-presidents are the Earl of Rosse, the 
Earl of Crawford, Lord Kelvin, Lord Ray- 
leigh, Lord Blythswood, Sir William Abney, 
Sir Howard Grubb, the Astronomer Royal, 
the Hon. Alban G. H. Gibbs, and Mr. Thos. 
Dallmeyer. ‘The mornings will be devoted to 
papers and discussions on optical subjects. 
Papers are promised by Lord Rayleigh, Pro- 
fessors Poynting and Forbes, Dr. Watson, 
Mr. Dennis Taylor, Mr. T. H. Blakesley, 
Mr. J. W. Gordon, and others. Offers to read 
papers should be sent to the secretary of the 
Papers sub-committee, Mr. S. D. Chalmers, 
Northampton Institute, E.C., who will be glad 
to submit them to the committee. During 


the Convention an exhibition of optical and 
scientific instruments and appliances will be 
held in the great hall of the Northampton 
Institute. ‘The exhibition promises to be of 
great general and scientific interest, and it is 
hoped that many novelties of British manu- 
facture will be shown. A large number of 
persons and firms have promised to send 
exhibits. It is hoped that all those interested 
will apply for membership of the Convention, 
the subscription for which will be five shillings. 
The hon. secretary, Mr. F. f. Selby, Elm 
Lodge, Teddington, will be glad to receive the 
names of those wishing to join. А guarantee 
fund has been opened, and the total of guar- 
antees and contributions now amounts to over 
£100. Promises of guarantees or donations 
should be sent to the hon. treasurer, Mr. E. 
B. Knobel, Е.К.А.5., 32, Tavistock Square, 
W.C. 


“N” Rays. A collection of papers communicated 
to the Academy of Sciences. With additional notes 
and instructions for the construction of phosphorescent 
screens. By R. Blondlot, Professor in the University 
of Nancy. Translated by J. Garcin. pp. xii. + 83, 
with то illustrations and a number of phosphorescent 
screens. (London: Longmans, Green and Company, 


1905.) Price 35. 64. net. 


There is considerable doubt, in the minds of 
many people, whether N rays have any objective 
existence. Those interested in the subject will 
welcome a translation of Blondlot's memoirs ; 
it should now be possible for anyone to re-perform 
the experiments which are said to have estab- 
lished the existence of N rays, and if this were 
done by capable experimenters, the vexed 
question of the existence of these rays might be 
finally answered. On reading the book before 
us, one cannot but feel that comparatively little 
attention has bcen devoted to the avoidance of 
errors of observation—errors which are so likely 
to occur in viewing a small, dimly luminous 
object in a dark room. The so-called objective 
experiments, which were performed by photo- 
graphing an electric spark, under the action of 
N rays and in the absence of this action, appear 
to be scarcely convincing ; however, it might be 
worth while for independent investigators to re- 
perform these experiments. 


Microscople Analysis of Metals. Ву Floris 
Osmond. Edited by J. E. Stead, F.R.S., F.L.C. рр. 
х.+ 178, with тоо reproductions of photo-micrographs, 
and two folding diagrams. (London: Charles Griffin 
and Company, Limited, 1904.) 


The value of the metallographic work of M. 
Floris Osmond has gained a world-wide recog- 
nition, and the book before us should be in the 
possession of everyone interested in the micro- 
scopic analysis of metals. The beautiful photo- 
micrographs with which the volume is illustrated 
are certainly better than any others which have 
been published ; indeed, it is difficult to imagine 
any possible improvement on them.  Theletter- 
press is clear and concise, and altogether it 
must be admitted that the author makes out a 
good case for the allotropic theory of metals. 
The arguments for and against the allotropic 
theory are too numerous and intricate to be 
dealt with in a brief review ; it must suffice to 
say that, under the able editorship of Mr. Stead, 
the lucid reasoning of M. Osmond has lost 
nothing in being rendered into English. 


Edited by 
(London : 


Electric Lighting for Amateurs. 
Percival Marshall, A.I.Mech.E. pp. 8o. 
Percival Marshall & Co.). Price 64. net. 


This handbook contains practical hints on 
the subject of fitting up small eleciric lighting 
installations. While battery plants are largely 
dealt with, the last chapter contains information 
relative to laying down a small power system of 
lighting. Forty-five line drawings are used to 
illustrate the text. 


An Introduction to Metal Working. By J. C. 
Pearson. рр. xvi +110 (London: John Murray, 
1904.) Price 2». net. 


Few subjects possess greater inherent interest 
than that of metal working. It was at one time 
contended that practical knowledge in engineer- 
ing could not be obtained from books: while 
there is some truth in this statement, since skill 
in the use of tools can only be acquired by 
practice, yet there is an aspect of practical 
work which can only be obtained from books 
or from oral instruction. This aspect is dealt 
with by Mr. Pearson, and the hints given will 
certainly prove of value to the young mechanic. 
Practically every branch of elementary en- 
gineering workshop practice is ably described, 
the whole being illustrated by good diagrams 
and half-tone blocks. A useful index is provided. 


New Streets: Laying-out and Making-up. By 
A. Taylor Allen, Engineer and Surveyor, Portslade- 
by-Sea Urban District Council. pp. 175, with 11 
illustrations. | (London: The Sanitary Publishing 
Company, Limited, 5, Fetter Lane, Fleet Street, 
1904.) Price 37. net. 

The author of this book has aimed at giving, 
in a condensed form, the information necessary 
to a surveyor in carrying out work under the 
Public Health Act, 1875, and the Private Street 
Works Act, 1892. The subjects dealt with are 
the laying out and construction of new streets, 
the making up of private streets, and the drawing 
up of plans, specifications, estimates, and ap- 
pointments, Design and taste are not considered, 
nor are the legal aspects of the various provisions 
of the acts : attention is exclusively confined to 
the practical way of conforming to the various 
enactments. Much information of a most use- 
ful character has been condensed by the author 
into a limited space; but the book might have 
been improved if the illustrations had been 
placed facing the text in which they are des- 
cribed, instead of at the end of the book. 


Students wishing for the solution of problems, or assistance in their scientific or technical studies, are invitea 


іо consult the Editor by letter. 
sender, together with a nom de plume for publication. 


Queries should be accompanied by the name and address of the 
Queries obtained from text-books or examination papers 


should be accompanied by particulars of the sources from which they are derived. (Queries should reach us 
before the 10th of the month, to be answered in the next month's issue. Each inquirer is restricted to one 
query per month, 


TURBINE. 
determining the form of the blades for an impulse 
turbine by the use of the idea of the ‘‘ turbine rod.” 
Assuming that friction in the guide blade Is equiva- 
lent to a loss of 7 per cent., and that another 7 per 
cent. is rejected in the tail race, work out the 
necessary data for the graphical construction, and 
find the maximum efficiency of the turbine.— London 
University, B.Sc., Eng., 1904. 


By the term “turbine rod,” an ideal form of 
turbine wheel which has an infinitely large 
radius is understood. If the conception were 
actually realised, the turbine wheel would some- 
what resemble a step-ladder laid horizontally, 
mounted on wheels and propelled by jets of 
water striking against the steps, which corres- 
pond to the vanes. 


A 


{ 
| 
| 


с 
D 

Ес. 1. —TURBINF. i 
In the upper part of Fig. 1, at A, a body of 
water may be supposed to be moving down- 
wards under a total head of H feet. At the level 
of the line B, the water meets a number of fixed 
curved guide vanes, which deflect its direction 
until the end of C is reached, at which level it 
enters a second set of curved vanes, which may 
be regarded as fixed to a frame which moves in 
a Straight line in the direction of the arrow. 
When the water reaches the level D, it should 


retain sufficient momentum to enable it to clear 
itself from the wheel, and at this point it may be 
regarded as entering the tail race. 

In order to prevent loss of head by shock, the 
tangent of any vane upon which the water is 
flowing should coincide with the direction of the 
water, and it is the object of the graphical con- 
structions to determine such tangents, as also 
the tangents to the vanes at the points where 
the water issues. 

If, then, the head and the velocity of the 
water at the part А are respectively equal to 
Н feet and V feet per sec., then 

У = 2 Н. 

Тһе tangents to the уапеѕ at B must be 
vertical, since the water is flowing vertically 
downward. At the level C the water issues 
with a diminished head (and therefore a 
diminished velocity) on account of friction. 

Denoting by Не and V, respectively the head 
and the velocity at this point, 


Vè = 28 2g Ho, 


and since Hg results from the diminution of Н 
by 7 per cent., 


Уй =2¢ x 0'93 Н = r'86g H, 
and therefore Ve = 4J/1:86 g H. 
Taking g = 32, 
Ve=7°7 JH. 


Since the velocity of issue at D is that due to 
7 per cent. of the head H, then if Vj is the 
velocity of issue, 

Vy =2g x 0'07 H, 
and hence 
Vp = Jo'i4g H = 2°12 YH. 

Vy is set off to scale vertically, and V, is set 
off to represent the absolute velocity of the water 
as it leaves the tips of the fixed vanes (Fig. 2). 

Ус is the resultant of the vertical velocity Vp 
and a horizontal velocity V,. The tangents to 
the tips of the fixed vanes must therefore make 
an angle 6 with the horizontal. 

It is now necessary to define the velocity of 
the water relative to the wheels ; if the wheel 
velocity be denoted by Vw, the horizontal com- 
ponent of the velocity of the water relative to 
the wheel is V, — Vw. Since the wheel has no 
vertical motion, Уг in Fig. 2 will represent the 


FIG. 2.—TURRINE. 


velocity of the water relative to the wheel, and 
ф is the angle to the horizontal of the tangent 
to the wheel vanes at C. 

After coming in contact with the wheel vanes, 
the water is gradually deflected by them, so 
that it finally leaves the wheel with no absolute 
horizontal velocity whatever, but with the vertical 
velocity Vp. 

In order to fulfil this condition the water must 
issue with a horizontal velocity toward the left, 
equal to the absolute velocity Vy of the wheel, 
which moves to the right. Compounding the 
velocities Vw and Vp, we get V. in the figure, and 
the angle a at which the tangent to the lower tips 
of the wheel vanes is inclined to the horizontal. 

The value of Vy is not deduced from any of 


7 
the data given, but may be taken as Va, 
? 


The data, then, for the graphical construction 
shown in Fig. 2 are 


Vp = 2°12 Ун 
Ve = 777 VH 
Va = МҮ - Vp» = 7 4 „Н. 
The angles of the tangents to the vanes аге 
0, ^, and a, and 
| 7 
sinÓ = Vn tan ф = M LONE and tan a zm 
Ve VaV w V w 
The shape of the fixed vane may be determined 
by joining the tangents at the tips of the vancs 
by a smooth curve. 
In fixing the shape of the whecl vane, it is 
desirable to make the length of the vane as 


short as possible, in order to minimise loss by 
friction. This is shown in Fig. 3, where the 


FIG. 3.—TURBINE, 


curved line AC represents the absolute path of 
the water, and is any smooth curve having the 
given tangents at A and С. 

AB is a vertical line which represents the 
width of the turbine wheel, AD is drawn at the 
апше a to the horizontal, and BC may be made 
equal to BD. 

A number of horizontal lines having been 
drawn, the distances a, 4, с, etc., are set off to 
the left of the curve AC as а!, ф!, c', etc., and a 
curve passing through the left-hand terminations 


Technícs 


of these lines is the required shape of the whecl 
vane. 

It should be noticed that if the distance BC is 
made equal to BD, then we shall obtain a short 
vane, but the vertical tangent to the absolute 
path of the water at C might have been drawn 
anywhere to the right of the line AB without 
departing from any of the conditions laid down. 
The result of doing so, however, would have 
been a longer vane and, therefore, а greater 
loss by friction. 

As the construction so far applies only to a 
turbine wheel of infinite radius, a modification 
will be needed for the actual wheel, which must 
have a finite radius. In Fig. 4, the lines B, C, 
A 7 
| 
1 
| 


Z — — р 


E б 


Fic. 4.—TURBINE. 


and D correspond to those in Fig. т, and the 
vanes of the turbine rod are represented by 
curved lines. O is the centre of the turbine 
wheel, and the arcs B!, C! and D! show the limits 
of the actual guide blades and turbine wheel. 
For any point in either of the curves, such asthe 
point а, a corresponding point such as 4 may be 
found. By projecting the first point perpen- 
dicularly upon the lines OE апа ED the points 
c and ? are obtained. The points О and 7 are 
joined by a straight line, and with centre O the 
arc c d is described, which gives the required 
point din О 4, 

The maximum efficiency of the turbine is 
ү,2 V3 


ag * ag 


Head usefully employed 
|. — Totalhead — — 
Va? 
= vi 
Ve- Vp? 
D ae 
o'86%2¢H. 
"gH ^! 
and hence the maximum efficiency = 86 per cent. 


BOILER. — Find the relationship between the 
pressure inside a vessel and the stress in the end- 
plate of given diameter (4), thickness (/) and radius 
of curvature (В), considering two cases: (а), end- 
plate continuous with sides ; (д), end attached by 
means of bolts or screwed into end of tube, this 
being treated as if plate were supported but not 
fixed at circumference (except partially іп the 
matter of tilting). 


Answers to Queries 


Fic. 1.—BOILER. 


Taking the case of the thin curved end 
attached to the sides, the tension in the material 
is f lbs. per square inch along a tangent. 

The total tension on the circumference 


= total area of section x f 
= amrtf where / is the thickness. 


Vertical component of this force 
= 2mrtf cos 6 


= amr t fia 


2 
= 201f 7 


And this is balanced by the vertical component 
of the internal pressure, which equals m 7*2 lbs. 
where № is the internal pressure per square inch. 
Equating these quantities, we get 

РЕ = 2//. 

The treatment of the problem on the assump- 
tion that bending takes place is long and 
tedious, and not suitable for introducing here. 
Some information may be obtained in Tod- 
hunter and Pearson’s “ History of the Theory of 
Elasticity.” Perry's “ Applied Mechanics” may 
be of some assistance. 

Unwin's formule are correct. Beware of 
using pocket-book formulz unless you thoroughly 
understand how they are obtained. 


HYDRAULICS.—A central hydraulic power station 
ean deliver 1200 Н.Р. with a working pressure of 
750 Ibs. per g Inch. If power mains are 6 inches 
in diameter, how many would be required in order 
to convey this power ? Show by sketches how such 
power mains are connected at the Joints. - -London 
University, B.Sc. (Eng.), 1903. 

Let V be the volume in cubic feet swept out 
by the hydraulic pump plungers per minute. 

The work done by them on the water per 
minute 

= pressure per square foot x volume in cubic 

feet swept out by plungers. 

— 750 x 144 X volume of water pumped per 

minute in cubic fect. 


H.P. of pumps 
_ work done per minute in foot-Ibs. 
33,000 
_ 750 X 144 x volume of water per minute 
33,000 


= 3°25 x volume of water per minute ; 
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and 


. I 
volume of water per minute = 


3°25 
= 370 cubic fect. 


Assuming a velocity of flow of 3 feet per 
second, or 180 fect per minute, we have 


T x 36 
370 cubic feet per minute = 180 хл x t 


where # = number of 6-inch pipes required. 
= IO'4, Or say, 11 pipes. 
For a drawing of pressure pipe connections, 


see Unwin's “ Machine Design," Chapter 6, 
Article 106, or any book on machine drawing. 


OPTICS.—Draw a curve showing, in the case of 
& convex lens, the connection between the distance 
of the object from one principal focus, and the 
distance of the image from the other.—Lomdon 
University, Inter, Sci., 1903. 


Let distances measured in a direction opposite 
to that of the incident rays be positive, distances 
measured inthe reverse direction being negative. 
Let the frst principal focus be that position of 
a point object on the axis of the lens, which 
renders the rays, transmitted by the lens, parallel 
to the axis, and let this point be at a distance f, 
from the lens. Let rays initially parallel to the 
axis form an image at the second principal focus 
of the lens, and let this point be at a distance /, 
from the lens (f; is the focal length of the lens). 
Then if the object, when at a distance U from 
the first principal focus, forms an image at a 
distance V from the second principal focus, 
it can be readily proved that the magnification 
m (ratio of height of image to height of object) 
15 given by either of the equations 


tod 
E 
Js 
pus V 
U /» 


UY Saf ae 5 (1) 


Equation (1) represents a pair of rectangular 
hyperbolas. Taking the origin O, (Fig. 1), and 
plotting U horizontally and V vertically, we 
obtain the required curves ; when U is positive, 
V must be negative, and when U is negative, 
V must be positive, in order that U V shall 
have a negative value. 

If м is the distance of the object from the 
lens, and v is the distance of the image from 
the lens, we have 


=f,tU=U-yz, 
v=V+S/, 
substituting in (1), we obtain 
(u +f) (vu -h) = -S? 
On simplifying, we obtain 
uv —uf,tvf;-oO. 


which gives 
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Fic. 1.—OPTIcs. 


Dividing through by #vf» and rearranging 
terms, we obtain the well-known equation 


: : ae . . . . LI . c 
v. x А >. (4) 
The curves represented by (2) are of Course the 
same as those represented by (1), the only 
difference being that the origins chosen are 


different. If О is taken as the origin for curves 
(2), then the straight lines 

«=/,= -f 

v = }, 


аге the asymptotes to the rectangular hyper- 
bolas, Equation (1) represents the same curves 
referred to the asymptotes as axes. 

Equation (1), although not given in many of 
the text-books on optics, is exceedingly useful 
in carrying out calculations with respect to 
lenses ; the same equation applies to a concave 
(divergent) lens, where / is negative, and /, is 
positive. 


PRESSURE,—A closed surface in the form of the 
surface formed by the revolution of the curve 


R — a (1 — cos 6) 
is just fllled with water and held with the cusp 
upwards, and the axis vertical; calculate the 
whole pressure and the resultant vertical pressure 
on its surface, and prove that these quantities are 
in the ratio 263 : 210. — Besant’s Hydromechanics 
(Ed. V., page 39). 


The given equation represents the cardioide. 
We suppose the initial line to be the axis of re- 
volution. 

It is easily seen that the resultant vertical 
pressure on the curved surface is equal to the 
weight of the contained fluid. The element of 
area being > dô dr, the element of volume is 


2m yr dô dr = 25 r° sin 0 dé dr, 


where y is the | distance of the element of 
area from the axis. 


Technics 


If w be the weight of unit volume of water, 
then the resultant vertical pressure is given by 


т ("a (1 — cos 0) 
у=" 2п ?? dr sin 6 dé 
о о 
2 


Pp a’ (1 — cos 0) sin 6 dô 


i 


3 
" Top шег 
3 4 d 
_ Вт а? 
eme 7 


To find the whole pressure it is necessary to 
first express the depth (below the highest point) 
of any point on the surface. 

The slope of the tangent at any point with 
reference to the radius vector is given by 


d : 4 6 I 0 
w= К = = -—. —-tan-. 
tan y R ZR 2sin" -> ET. an- 


From this we easily deduce that the depth of 
the origin, O, is 7 


The pressure at the point (R,@) is therefore 
а _ Ксоѕӣ. 
4 


The element of length ds is given by 
(ds)? = R? dë + d R? 
= 2a* (1 — cos 0) dé: 
Hence ds = 2a sin ё в, 
and the element of surface 15 


2T R sin @. 2a sin £ . 40. 


The whole pressure is given by 
W =~" (5 - Rcosé) 4raRsin6. sin © 48. 
о 
By а few simple reductions this becomes 
W = wn a) ([" sint Ё cos е d — 32 
o 


2 


i sint 9. cos теке [ш 0 соз zdl 
i 2 2 * 2 2 


= wm ats {7 — "+ a 


7 9 
— quna? 8 x 263 
315 
Непсе wW - 263 
M top 


The given answer appears to Бе incorrect. 


SERIES.— The ordinary proof that the series 
1+4+4+4.. . 15 divergent consists in showing 
that it сап be put in the form 1 +} +4 +... 
It seems to be a serious objection that the number 
of terms necessary to make up 4 very rapidly 
increases, and finally becomes infinite. Is there 
any proof that the series is divergent, free from 
this objection ? 


Answers to Queries 


The given series cannot be put in the form 
r+i+4+... The usual proof consists in 
showing that the series must be gieater than 
any finite number of halves. Perhaps the 
following way of looking at the matter may 
remove the objection. It is a necessary and 
sufficient condition for the convergency of any 
series that the sum of the series after the zth 
terni must have zero as its limit; when all the 
terms are positive this includes the statement 
that the limiting value of each term must be 
Zero. 

In the given case cach term after the th 
tends to zero as its limit, but the sum of x terms 
after the #th is 


I I I 


ntl oat2 °° 2 
which is greater than 
X T A: +... to # terms, 
24 2n 
which is i. In other words, the sum of the 


terms after the »th does not tend to the limit o 
but to something > 4. The series cannot there- 
fore be finite. 

Notwithstanding the fact, then, that as we gu 
along the series more and more terms are 
necessary to add up to some number > $, yet, 
however many terms of the series we take, the 
remainder must be greater than }. 

To get a grip of the thing, find a number of 
terms for which the sum 15 greater than a 
million. 

The first two terms = 3 

The next two terms > + 

The next four terms > 4 
etc. 


Hence, if z is the number of these sets neces- 


sary, we shall be quite safe in — = 10"; 


— I 
. to м terms = 2? ONT 
|I 


But2+4+84+. 
Hence the sum will be greater than 10? if we 
take 10? terms. This is, of course, a large 
but a perfectly definite number. 

However big a number we choose, we can 
always calculate a number of terms whose sum 
will certainly be greater than the given number. 


POLYGON.—Please tell me the best and most 
recent Text-books on Practical Mathematics up to 
the Board of Education, Stage III. Standard; also 
the best practical Treatises on the Infinitesimal 
Calculus sufficient for a highly trained mechanical 
engineer, and for the advanced study of Hydro- 
mechanics ? 


Castles Advanced Practical Mathematics 
contains nearly all that is necessary, and 
indeed, goes considerably beyond the require- 
ments in some directions (Macmillan, 6s.). 

Perry's Calculus for Engineers may be de- 
scribed as ¢he calculus for engineers. The man 
who has really mastered it must be a good 
engineer as well as a good mathematician 
(Arnold, 75. 62.). 
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For the advanced study of Hydromechanics, 
some knowledge of Partial Differential Equa- 
tions and Spherical Harmonics 15 necessary. 
Forsyth's Differential Equations. (Macmillan, 
145.) ; the Spherical Harmonics necessary are 
given in such books as Lamb's Hydromechanics. 


SOLID GEOMETRY. 
has its extremities on two given straight lines : 
find the equation to the surface generated by it, 
and show that any point in the line describes an 
ellipse. — C. Smiths Solid Geometry, p. 35. 


The work will be much simplified by a proper 
choice of axes and origin. 

Choose as the axis of 2 the shortest distance 
between the given lines, and take the origin 
midway. Choose as axis of x the line through 
the origin bisecting the acute angle between the 
hnes, and the axis of y bisecting the obtuse 
angles. 

If a be the апе (acute) between the given 


lines, and m = tan = then the lines are the 


intersections of the planes 
у= mx 
з= 
зс being the shortest distance between tha 
given lines. 
Let (31, Yi, €) and (45,5 — 
on the lines, such that 


y= — mx : | 
) and DEA | respectively ; 


c) be any two points 


ty =t ty. у + д? = да? . . (1) 
where 2a is the given length of moving linc. 


The cquations to the line joining these points 
are 


xXx, У-у 2+6 
ре 4, ур У 2с 
on у-у  yrmr, zc 
хр x mart) zx 
.yctbmr у-ту + тї, 
2X, 2X, ' 
Hence 
mx 
"Hx, = с (y + mx) 
з + с 
— тл 
ту, = C Оз та) 
2-с 


Substitute іп (1), and we obtain 
с? Е QAI ay — Hx y+myr 
miz-c z+c| z—c T 

= 4(а ~ 0). 

On simplifying, this becomes 
GC л 
q m-e) (2) 
the surface required, for it is the relation which 
must be satistied by any point P (2, y, 2) on the 
moving line. 

If the point P divides the length 2a in a fixed 
ratio 2 : g, then 

Б fed дыз у= f tAr: gx WC PES. (3) 

pty +g ptg 

hence z is constant (as is indeed obvious), and 
the point (2, у, 2) moves in a plane. 


(cy —mxz)* + т? уз — тсх)? = E 


3 D 
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The equation to the locus of P may therefore 
bc most casily obtained by substituting 


200 Sd : 
gz =° — £t = 6 (say), in equation (2). 
+g | 
On making this substitution and squaring 
out, we get 
M(E + gc?) + y?(c? + әп?) — 2mbcry(1 + m?) 
2 __ : 
— @ 5 © np (P dy 
as the equation to the locus of P. This repre- 
sents an ellipse for 
mca omn? MEU + ure + up), 
The locus might also have been obtained 
directly from (3). 
By taking P as the mid-point, the locus 
becomes 
mix? + у? = (а? — ou 


CYCLOID.—Find the co-ordinate of the centroid 
of the area of the cycloid x = a (0 + sin 89, y= 
а (1 - cos 6), and the volumes formed by revolution 


(1) round the base (y = 2 a), 

(2) about axis (х = o), 

(3) about tangent at vertex. 
—Litwards’ Int. Cal., p. 208. 


It can easily be seen from a figure that (1.) the 
origin is at the vertex, (ii.) the axis of x is the 
tangent there, (iii.) the base is the line on which 
the circle rolls, 

Since cos 6 = cos ( — 6) the curve is symmetrical 
about the axis of y, hence the centroid lies on 
the axis of y and x = о, 

The area is given by 


Aca |a- ydr 


[e] 
= зе DE 
о 
saa [| ( + 2cos g + 1.005 2 бу ig 
о 


= 2e [18 2 sin 6 + 5120 
4 о 
"А = 37a’, 
The first moment about the axis of is given by 


та 
Г-у)» 
e о 2 


а | (4 — 1 = cos 0^) (1 + cos) 48 


to 
т 


аз {4 + 4 cos 0 — sin? 6 (1— соз 6)} а 0 


А у 


ll 


= “| t + 4со50— созе 4 cos Ө 5іп20} 29 
о 
= аҳ 7 р ; 


2 


er у] 
у= 6 8. 


Technics 


(1) The distance of centroid from base 


E 2 a, hence by Pappus's theorem, 


V (about base) = 2 т x 2a х 37a? 


=5r æ. 
(2) Volume about axis of y is given by 


тта 
fe (2а – у) хах 


о 


у 


ana? | (1 + cos 0)? (0 + sin 0) d0 
о 


ine | i + cos 0)? sin ð + 0 + 28 cos 0 


ket 920 ав 


3 
2 па? [- "050 +32 +26 sinÓ-- соѕ0) 


+100 9020+ 99529] 
2 о 


oma? [3.483 — 4. | 
(жет) 

(3) The volume about the axis of x is given 
at once by Pappus's Theorem— 


V=2ryA 


MOMENT OF INERTIA.—A uniform solid rect- 
angular parallelepiped has its edges 6, 9, and 12 
inches long ; what is the least time in which it can 
oscillate about а horizontal axis, and how must the 
axis be fixed in the body ?—(/..5с., 1904.) 


The moment of inertia of 
solid rectangular parallele- 
piped of edges a, 6, c, about 
a line through its centre of 
gravity perpendicular to 
the face of dimensions 
ax 6,15 

M а? + 6? 
zs Д 


| 
К | 


where M is the mass of 
the body. About an axis 
parallel to this, and distant 
d from it, the moment of 
Inertia is 


Mg 


Fic. І. 
MOMENT OF INERTIA, 


м (a+ +) iom. HD 


Denoting by Ó the common angular accelera- 
tion of the particles constituting the body, the 
mass of a particle, 7 its distance from the axis, 


then the mass-acceleration of the particle is s7 6, 


its moment about the axis is 72 7? 6, and the sum 
of the moments for all the particles is 


6s mr? =] 6 
where I denotes the moment of inertia. 


Answers to Queries 


This sum must equal the moment of the 
external forces, and hence (sec Fig. 1) 


16= — Med sin 6; 
if Ó is small, we may take as an approximation 
Ió- -Mgd.6, 


the simple harmonic motion equation. 
Hence the periodic time is given by 


І 
Т = ELLE 
ял iioa 


= I a? + @ 
any Zt "PE (2) 
This equation (2) tells us that the time of 
oscillation is the same about all points distant 
d from the axis through С, L” to face a б. 
T will be a minimum when 
2 2 
qo 64 is a minimum, 
12 d 


-a / EEN a) + 2v +o 
I2 I2 


is a minimum. Obviously the least value is 
when the quantity within the brackets is zero, 2.е., 
qi- а? 4 & 
12 
The axis must, therefore, be at a distance from 


the C.G. equal to the radius of gyration about 
the axis through the C.G. 


In the given case, the minimum value ot 
a+ 6 is 36 + 81 
12 


, and hence 
12 


d = $ 39. 


The minimum time of oscillation is 


LE CE 
g I2 
= >т 4/39 
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which is approximately 0:8 second. 


STRESSES AND STRAINS.—WiIll you please inform 
me of the best books dealing with stresses and 
Strains, graphically and by calculation. 


“Theory and Practice of Modern Framed 
Structures,” by Johnson Bryan and Turne- 
aure, published by John Wiley and Sons, New 
York ; sold in London by Chapman and Hall, 
Limited. Price about 2 guineas. 


This book deals very thoroughly with stresses 
and strains. It is full of well-selected examples 
from existing structures. It deals with the 
essential problems both analytically and graphi- 
cally. This book is perhaps the best of the 
higher-priced books. 


* Alexander and Thomson’s Applied Mechanics ” 
is a very good book, and is confined largely to 
Theory of Structures. Price about 25у. 
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** Theo of Structures and Strength of 
Materials," by Professor Bovey, published by 
john Wiley and Sons, is a very good book 
and fairly complete. 


“The Application of Graphic Methods to the 
Design of Structures," by Professor W. W. F. 
Pullen, published by the Technical Publishing 
Company, Limited, Manchester. Price 6s. net. 


This book is in our opinion the best book on 
the market at its price. The title is to our mind 
somewhat of a misnomer, as many problems are 
very lucidly dealt with by purely analytical 
means. Perhaps we would be fairer to the 
author if we said that the book contains the 
application of Graphic Methods to the Design 
of Structures—and contains much more beside. 


“Theory of Strains in Girders and Similar 
Structures,” by Bindon B. Stoney, price about 
245., is an excellent book, but perhaps not so 
modern as the first book on our list. It is 
published by Longman, Green and Company. 


BOAT’S DERRICK. —The sketch (Fig. 1) represents 
& derrick fitted to & ship's mast for lifting boats. 
By means of Gordon's or other pillar formuls, only 
one diameter can be found, yet these derricks are 
always made larger at the centre than at the ends. 
Will you please inform me how the diameter at the 
various parts can be calculated ? 


BOAT -10 TONS 
Fic. 1.—BoaT's DERRICK. 


The horizontal strut is to be taken а-а pillar 
with hinged or rounded ends. Asit is impossible 
in practice to ensure that the end forces are 
absolutely axial, the tendency will be for the 
strut to deflect as shown in diagram No. 2. 

The deflection is of course exaggerated for 
purposes of illustration, but even if the end 
forces were mathematically central, the dead 
weight of the boom would cause it to deflect 
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or sag in the middle. It is of course possible 
for the end forces to be applied in such a 
position that the tendency to sag would be 
counteracted by the tendency of the boom to 
hogback. The chances, however, of such an 
exact balance are too remote for serious con- 
sideration. It will be seen from Fig. 2 that the 
bending moment will be proportional to x, and 
therefore as 2 increases, the cross-sectional area 
should become greater and greater. 


Fic. 2.—BoaT’s DERRICK. 


Gordon’s pillar formula takes the maximum 
safe deflection of the pillar into account, and 
Gordon's equations give us the requisite diameter 
of round-ended pillars at the middle of their 
length. 

It will be seen that thc value of x at the end 
of the pillar = o, therefore the bending moment 
will be zero. Consequently the ends of the 
pillar need only be designed to carry the 
maximum direct compressive stress without 
reference to any bending or pillar formule. 

As the end fittings of the boom may reduce 
the cross-sectional area at the ends, perhaps by 
as much as 50 or 60 per cent., it is not advisable 
to determine the area of the end of the strut 
without a careful examination of the proposed 
end fittings. Care should also be taken that 
the end fittings are not such as will cause a 
bending moment at the extremities of the pillar. 

The contour or profile of the strut may be a 
flat circular arc or a parabola drawn so that 
the diameters of the strut at the ends and centre 
fulfil the aforementioned conditions (see Fig. 3). 


Fic. 3.—Boat’s DERRICK. 


As the topping lift makes an angle of about 
45° with the centre line of the derrick, the 
triangle of forces will show that the load on the 
strut will be equal to the total load of the boat 
and its contents, 772., 10 tons. 

If the boat is being lifted from the water, 
the waves may sink from under the boat and 
bring the load suddenly on the lifting gear, 
therefore the ten tons should be treated as 
a live load, and an equivalent dead load of 
20 tons taken in the calculation ; or, alternatively 
the factor of safety should be doubled to allow 
for the live load effect. 


HAULAGE.—A load of 100 tons has to be hauled 
up an incline of 1 in 6, the haulage ropes and 
tubs having to pass round a eurve of 80-ft. radius 
in their journey. If the rope is guided round the 
curve by means of three pulleys (3-ft. diameter, 
arc of contact of rope on each pulley 20^, diameter 
of pulley spindle 3 in., coefficient of friction between 
горе and pulley 0: 1, between tubs and rail 0:02), 
find the maximum pull required to move the above 
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load at a velocity of 10 miles per hour, taking into 
account acceleration. The load to start from rest 
and get up speed in 1 minute. The total angle 
passed through by curve is 75°, rope 1]-in. 
diameter, friction in spindle Journals 0:008. 


With a slope of 1 in 6, the ratio of the height 
to hypothenuse is 1 to 6'1, and consequently 
the pull along the incline necessary to overcome 

I 
6:1 
The length of the rope 15 not given; but, 
assuming the length of slope to be 500 ft., its 
weight would be about a ton. 

The arc of contact of the rope and each guide 
pulley is given as 20°, but if there are three of 
them, and the total angle of deviation is 75°, 
the angle of contact must be 25°. If P is the 
pull in the rope, then the pressure on a wheel 
spindle must be 2P sin 12:5? =0°43P. The 
resistance of friction at the surface of the 
bearing is p x 0'43P or 0:008 x 0°43P, and 
the equivalent of this along the axis of the rope 


gravity only must be of the load, or 16°4 tons. 


15 A x 0°008 x 0°43P. There are three 
pulleys, and hence the total resistance due to 
pulley friction measured along the rope's axis is 
0*00087P, a quantity too small to be compared 
with P, and hence may be neglected. 

The rope will run on rollers, which will offer 
some resistance, but, as no data are given, this 
will be ncglected also. The tub friction is 
0'02 х 100 = 2 tons. 

The pull required to produce the acceleration 
only is given by the fundamental equation :— 


£ X force x time of action 
— total change of momentum, 


or 32 x force x 60 — 100 RES 
that is, force = 0°8 ton (approximately). 


Pull required to lift the rope is 


2: of 1 = 0'3 ton. 
The total pull in the rope is then 
16:4 + 0°3 + 0:8 + 2 = 1975 tons. 


The effect of the guide pulleys, as shown 
above, is quite negligible. 


DOME.— I beg to forward a drawing of a dome. 
The shell is to be constructed of blue trapstones 
with a backing of brick and lime mortar. It is 
required to ascertain the stresses which will be 
produced in the different parts. It is requested 
that a stress diagram may be given. 


We are of opinion that the dome would be 
more satisfactory 1f executed in cement mortar. 
“ The setting of hme mortar depends upon the 
absorption of carbon dioxide from the atmo- 
sphere. Pure lime mortar, built in thick walls, 
never hardens or sets, but crumbles into a friable 
powder. For this reason pure limes should be 
avoided for constructional work," and a mortar 
which does not depend upon contact with the 
air for the development of its setting and 
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hardening properties, should be used instead 
(vide“ Building Construction, Advanced Course." 
By Chas. F. Mitchell). 

For the purpose of facilitating the calculations, 
we can safely assume a mean weight per cubic 
foot for a compound of trap rock and brickwork. 

We shall take the combined weight at 145 lbs. 
per cubic foot. Professor Rankine's Chapter on 
“ Domes ? in his “ Applied Mechanics” will be 


FIG. 2.—-DoME. 
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found very instructive. Rankine’s method 15, 
however, not adapted for supplying the stress 
diagram you require. 

[n Fig. 2 we have shown the half section and 
the plan of a scgment of the dome. It will be 
observed that the portion of the dome below 
the level of the line of the centres of the radii 
is not considered. This is because the dome 
proper commences from this point, the portion 
below being known as the “drum.” 

To arrive at the stresses in the different parts, 
we consider a segment of the shape shown in 
plan, which for convenience has been taken 
with a minimum width of one foot. We next 
split the section up into a number of parts. 
These parts are lettered A, B, C, etc., and the 
weights are given on drawing as follows :— 


А = 22 cwts. F = 1°44 Cwts. 
B= ‘65 ,» G = 1°83 ,, 
CaTa 3 Н = 2°16 ,, 
D = 1°4I » J = 2°30 ,, 
IE ICSI y К = 2'70 , 


L = 2:72cwts. 
which add up to a total of 18:21 cwts. for the 
whole segment. i 

These loads are set down on the load line in 
polar diagram. 

The centre of gravity of these loads is arrived 
at graphically by means of the funicular polygon, 
shown by dotted lines, and is found to be on a 
line at 2 feet 3$ inches away from the centre of 
the wall of dome. 

The centre of pressure at apex of dome is 
assumed to coincide with centre of wall or 
ceiling at apex, and is found to be 9 feet 4 inches 
above line of springing. 

Now we have the following conditions for 
equilibrium :— 

T x 9°33 feet = 18°21 cwt. x 2°29 feet, 
18:21 cwt. x 2°29 feet 


9°33 feet 
:= 4'5 cwt, thrust at apex. 
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The line of resistance is shown by a chain line, 
and is obtained from diagram to the right of 
load line. 

It is suggested that the dome would be better 
if the joints were perpendicular to the line of 
thrust. 


HYDROMECHANICS.—A mass » of elastic fluid is 
rotating about an axis with uniform angular 
velocity w, and Is acted on by an attraction towards 
a point in that axis equal to д times the distance, 
и being greater than «^; prove that the equation 
of a surface of equal density p is 


и (x? + у? + 2?) EN в? (x? + у?) 
РА и (и - «2)2 m), 
е е 
(Besant's Hydromechanics, page 39.) 
Starting with the well-known equation 
dp = p (X dx + Y dy + Zdz) 
we have for an elastic fluid 
2 = Ep. 

Taking the origin of co-ordinates at the centre 
of attraction, the force per unit of mass, due to 
the attraction, is given by 

p A (£? y! + 2%) = pR (say), 
of which the rectangular components are 
= 
R 
directed fowards the centre of force. 

Taking the axis of z as the axis of rotation, 
we have an acceleration, viz. e? „/ (x? + y”, 
directed towards the axis. If x? + y? = r? this 
is “у, and its components are ө? x and o? y, 

A force equal to this, but reversed in sign, 
together with the attraction and pressure, form 
a set of forces in equilibrium. 

Hence X = w? x — pr 

Y=oty—yy 


R.i, Ке, p К 


апа 

dp = — P { (u ~ a?) (rdr + y dy) + рга). 
Integrating, we obtain 

klog & = 4 { (po) (2? y) uz)... (1) 


where log C is the constant of integration. 
Putting in exponentials, we have 
2 (и — w?) 72 + pz? 
"Tr i кж а Жл) 


We see from (1) that the surfaces of equal 
pressure are ellipsoids of revolutions, and hence 
when 2 = o (free surface) we have x, y, and z 
all infinitely large. 

The constant С is determined from the known 
mass of the fluid. We know that all points 
having equal values of ғ and z have the same 
density p, hence 


со (со 
m= Í { 2п ғр dr dz 
2/0 о 
С? 
= € 


(и — w* 2 + дз? 
, 


from (2) aic — 
А? p 
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too то _ Bo??? + pz? 
© m=?"C [: re 2k dr dz 
. А «/о o 
2 2 
со =- (p-o) „ими 
ERAR 
о 
А © pet 
N Nu 
(e=) | 
= mC Ur 
(p= e") 


Vi 
2k 


2_ M (и о) p 
Hence C? = Bar’ $ 
and finally, on substitution in (1) 
p (2? y? + 2°) — о? (2? + y’) 


_ 0\2 
= blog {К се, 


HYPOCYCLOID.—A method of finding cusps on 
plane curves 15 to solve simultaneously the 
equations 


оо e ы and ф (x, у) = о. 
0x 0 y 


Why does this method fail in the case of the four- 
eusped hypocycloid 


P + ys = а? 9 
The gencral theory for the Zes¢s for double 
points on plane curves is built up on the assump- 
tion that the equation to the curve can be put in 
the form 
A, + (A, x + B, y) + (A, 2? + В, у? 
+Bry)+. = 0, 


and it is only allowable to apply these tests 
when the equation zs of this form. 


Now the given equation can be put in form 
| х? = а – у? — заў yi + за? уі 
лау — а = gal уі (у — ai) 
= за хі уй 
7. (2° + у? – а) = — 27 а? a? у?, 


Непсе 2 = 3 (2°? +y? - а)? ++ ѕ4а?лу? = о 


O$ a (иу ауто 
r-o,y- ta,andy-o,xrx- ta 


satisfy these equations and also the equation to 
thc curve. 

The points so determined are therefore double 
points. To decide whether they are nodes, 
cusps, or conjugate points, we must either trace 
the curve in the neighbourhood of these points, 
or apply a further test for a cusp 

(9 Vite ne 
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THEORETICAL MECHANICS.—Three particles of 
equal masses are attached at equal intervals to a 
string of negligible mass. The middle particle is 
held at а point А of а smooth horizontal plane, and 
the other two describe the same circle about it in 
the same sense and with the same uniform speed, 
so that the line joining them subtends an angle a 
at the point A. Prove that, if the middle particle 
is let go, the tension of either part of the string is 
suddenly diminished in the ratio 1 : (2 + cos а). — 
Entrance Scholarship, St. John’s Colgge, Cambridge. 


Before A is let go, the tension in each half of 
the string 15 (»57)/r, where m= mass and 
v = velocity of each particle, and 7 is the radius 
of the circle. The reaction at A on the string 
is therefore 

jum a 


- —- COS 
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and its direction bisects the angle between the 
two parts of the string. On taking away this 
force, the particle at А will therefore egin to 
move in this line, and the tension in the two 
halves of the string will be progressively dimin- 
ished. Suppose T the new tension, then A will 
devin to move along the bisector with an accel- 
cration 


If now we give to both the particles and to A 
an acceleration 


along the bisector, the acceleration of each 
particle relative to A will be as before, viz. (7?/7) 
towards A. 

If x denote the new acceleration of one ot the 
particles and 0 the angle it makes with the 
string, we see at once from the triangle of 
accelerations that 


2% 
xcos 0 = — 2T cos о 


r m 2 
But x cos @ is the acceleration along the 
normal, and therefore the new tension along the 
string is 


wees E — — 2T cos — =T 


: vas +2сов 7) 


= T (2 + cos a). 


TORPEDO BOAT. 
by means of two slings. If the disposition of 
weights on board be such that the load per foot 
run over the central half of the boat's length be 
uniformly one and а half times that per foot run 
over the rest of the length, find the best positions 
for the slings in order that the bending moment on 
the hull should be the least possible. 


-- 2 . = = = ш» ч» a б» «ш» A, ee e oem ee m oo o 


a 
ч 


- 


— =- 
= 
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Wherever the points of support of the slings 
are, the bending moment due £o the weight will 
be the same, just as if the boat were sus- 
pended at the centre. The distribution of this 
bending moment is shown by the curved line 
ABCDE Taking, for convenience, 
the length of boat as 80 feet and distribution of 
load at ends І ton per foot, and along middle 
15 tons per foot: the bending moment due to 
weight is 9oo ton-feet at centre, and the total 
weight of boat тоо tons. Each sling therefore 
takes 5o tons. Now the bending moment due 
to sling will depend on the position of sling. 1f 
at 900/50 — 18 feet from centre, the B.M. curve 
will be the line EF. In this case the hogging 
moment at centre due to weight is equal to 
sagging moment due to support, but at F there 
is a hogging moment of 243 ton-feet. If the 
support be shifted along towards the centre there 
will be an increasing hogying moment at sup- 
port due to the weight. If the support be 
shifted towards the ends we shall get a sagging 
moment in excess at the middle and a hogyiny 
moment at support. Where these are equal the 
maximum sagging moment and hogging moment 
will be equal, and this will give the point re- 
quired. If x be this distance from centre the 
excess sagging moment at centre 15 (50 x x — 900). 
The hogging moment at support is 


20(30 — x) + 15 (20 — х )?, 


We therefore equate, and find x - = 2153 £e, 
at 2173/80 = 0'266 thc length, from centre. This 
may be conlirmed by drawing in the bending 
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moment line due to support at this point СНС". 
The bending moment on the boat is then the 
intercept between that due to weight and that 
due to supports. The ends for < length at 
each end will be subject to a hogying moment 
and the middle $ to a sagging moment. The 
maximum sagging moment is equal to the maxi- 
mum hogging moment, and any other positions 
for points of suspension will give rise to a 
bending moment greater than either of these. 


DEFINITE INTEGRAL. 
bx 
| ео - nare 
ene — or 
о 
== =i ЕЕ Ee 
e us 2cos + еч 
(HWilliamson's Integral Calculus, page 143.) 
It is proved on page 142 that 


* Р 4 
f reg dr = + ап ^, 
oe Wx 2 


Now (ен) (e7 em) 


= е@+ + ~ gia + biz + e EN е0, 


Hence, 


| = o a = =e") dr 


Tome 


sin a 
cos а + cos ё' 
If = y — 1, then 


сс 
e ex 
i: sin ax dx 
2/0 


en" et, em 
= Ef (е^ 4 e>) (a Z ш 
2 / © em = e £ 
D sin та 


E bv th inp 
2i costa + cos Ё (руле foregoing) 


Several Answers to Queries have been unavoidably held over ; 
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BIBLIOGRAPHY.—Would you kindly recommend 
me the best books in French on naval architecture, 


The books in French known to the writer are 
“Théorie du Navire,” Pollard and Dudebout ; 
“Théorie du Navire,” Clauzel. The former is 
in four volumes and is a most exhaustive work, 
dealing with the whole range of theoretical naval 
architecture. The latter is in two volumes text 
and plates, and is more adapted for the average 
student. 

As regards Applied Mechanics, the writer has 
always used Professor Cotterill's (large) Applied 
Mechanics, which grew out of lectures to naval 
constructors and engineers at the Royal Naval 
College, Greenwich. It is written in a very 
clear manner and I fancy would be hard to 
better. 


GRAPHICAL STATICS.—Please inform me of the 
best books on (1) Graphical Statics; (2) Worked 
Examples on Rigid Dynamics and Analytical Statics ; 
(3) Examples in Physics of the B.Sc. Pass and 
Honours Standard, with hints for solution. 


(1) Cremona's Graphical Statics, translated 
by Professor Hudson Beare (Clarendon Press) ; 
The Elements of Graphic Statics, by L. M. 
Hoskins (Macmillan), intended for enginecrs. 
The subject is also treated by aid of vectors in 
Professor Henrici's little book, * Vectors and 
Rotors ” (Arnold, 45. 64.). 


(2) Many worked examples will be found in 
such text-books as Love's Mechanics, Besant's 
Dynamics, Minchin's Statics, etc., and also in 
Wolstenholme's Mathematical Problems. Be- 
sides thesc there are a number of volumes of 
Solutions of Senate House Mathematical 
Problems, by such men as Dr. Routh. 


(3) No such collection of examples has been 
published in England. 


these will be 


published next month, 


Ss. „Алл. Dn а] 


DAVID SING CAPPER, M.A., M.Inst.C.E., M.I.Mech.E., M.I.E.E. 


eporter to the Steam Engine. Research Committee. 


Photo by Geo. Newnes, Ltd. 
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NGINEERS cannot but feel 
grateful for the vast amount 
of experimental data placed 
at their disposal by the Steam- 
Engine Research Committee. 
This committee was formed 
nine years ago, and at that 

time consisted of Professors Kennedy and 
Capper, Messrs. Bryan Donkin, Michael 
Longridge, J. Mair-Rumley, and 
E. Windsor Richards ; at present 
it consists of Mr. W. H. Maw 
(chairman), Professor Capper (reporter), 
Professor Kennedy, Captain Sankey, and 
Messrs. Henry Davey, Michael Longridge, 
and J. Mair-Rumley. The report of the 
committee was read on March 17th by 
Professor Capper; the following are the 
general conclusions arrived at :— 

“It is dangerous to draw conclusions of 
too general and sweeping a character from 
experiments upon one type of engine under 
one set of conditions; but it may fairly be 
claimed that the ground covered by this 
report has never previously been surveyed 
with an engine showing more consistent and 
definite results, nor under conditions which 
enabled so detailed an analysis of the results 
to be made. It may, therefore, be anticipated 
with some confidence that the definite. indi- 
cations shown by the results form a real 
contribution to the present knowledge of the 
phenomena accompanying condensation and 
re-evaporation in an engine cylinder under 
given conditions of jacketing. The points 
which have been elucidated may be sum- 
marised as follows :— 

* Firstly, leakage through the slide-valve— 
to the importance of which Messrs. Callendar 
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and Nicolson have drawn attention---has been: 


quantitatively determined under defined con- 
ditions, and has been shown to be nearly 
independent of speed of sliding surface and 
proportional to difference of pressure between 
the two sides of the valve, Further, it has 


been shown that the assumption that the 
leakage is inversely as the overlap of the 
valve is, at least in the main, well founded ; 
and, further, that with well-fitted valves the 
leakage may amount to over twenty per cent. 
of the steam entering the cylinder, and is 
rarely less than four per cent. 

“ Secondly, it has been shown that for an 
unjacketed engine with a given ratio of ex- 
pansion, initial condensation, expressed as a 
percentage of the steam in the ‘cylinder, 
diminishes with increase of initial tempera- 
ture, while the total condensation per stroke 
increases with such temperature increase 
This, though suggested by Messrs. Callendar 
and Nicolson’s researches, has never pre- 
viously been demonstrated with clearness ; 
as if leakage is not allowed for, the results 
are obscured and even reversed, and the 
conclusions arrived at without leakage allow- 
ance are therefore untrustworthy. 

“ Thirdly, it appears from the results here 
obtained that the re-evaporation for a given 
ratio of expansion 15 as great, and sometimes 
greater, without jackets than with them. This 
shows very clearly that the regenerative 
action of the cylinder walls, with a given ratio 
of expansion, 15 largely independent of their 
mean temperature. No quantitative analysis of 
re-evaporation is possible where leakage is not 
taken into account, as without the necessary 
allowance results would be largely illusory. 

* Fourthly, it is possible from the results 
obtained to show the temperature at which, for 
any speed of revolution with a given rate 
of expansion, the jackets will become un- 
necessary or wasteful. If the heat units per 
indicated horse-power per minute required 
by the unjacketed engine for each speed of the 
scries be plotted either on an initial pressure 
or а mean effective pressure base, the points 
for each speed will be found to lie on four 
curves, which become closer and closer to 
one another as the speed increases, and all 
converge to a point as pressure or temperature 

a E 2 
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increases. If the heat consumption for the 
jacketed series be likewise plotted, it will be 
found that the points for the different speeds 
at each pressure lie irregularly round a point, 
their exact position being determined by the 
accidentally slight variations of the conditions 
of each trial. A fair curve through the means 
of these points will lie below the correspond- 
ing curves for the unjacketed trials; but if 
the heat absorbed in the jackets be included, 
the resultant curve cuts the unjacketed curves 
at points which, for each speed, indicate the 
temperature and pressure at which the jackets 
cease to be economical.” 

In the discussion which followed the read- 
ing of the report, Mr. Longridge said that, in 
his opinion, the leakage 15 not proportional 
to the difference of pressure, but to the square 
root of the difference of pressure. He pointed 
out that this is what might be anticipated 
from considering steam (whether saturated 
or superheated) as a fluid; in fluid motion 
the velocity of flow is proportional to the 
square root of the “head.” The curves pub- 
lished in the report confirmed this view. 


As to the importance of leakage in connec- 
tion with steam-engine design, the following 
remarks made by Professor 
Burstall, and reported in 
Engineering of April 7th, are of 
great interest :— 

“ He wished to refer to the question of 
leakage through valves. The last speaker 
had asked how far this matter influenced the 
design of engines; he (Professor Burstall) 
would say that it meant everything. Both 
the report and the paper by Messrs. Callendar 
and Nicolson showed that all valves leaked, 
whether they were slide-valves, Corliss valves 
—-although this was not admitted—or double- 
beat valves, such as were used in Sulzer 
and Cornish engines. Ifthere were a definite 
law of valve-leakage, it was evidently of im- 
portance to know it, for it would help the 
designer of engines very considerably. He 
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was afraid that the experiments detailed in ' 


the report, and those of Messrs. Callendar 
and Nicolson, did not prove that there was 
a definite law of valve-leakage, showing that 
that leakage was proportional to the difference 
of pressure or to the overlap. He had plotted 
the leakage against the pressures as given in 
the paper, and as against the temperatures, 
and he found that when the valve-leak was 
plotted against the difference of temperature 
between the valve-chest and the exhaust, the 
points were in a straight line. Не did not 
suppose this was universal, but it corresponded 
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with the records in the paper. The number 
of experiments, however, was not sufficient 
to determine a law; an immense number of 
experiments would be required before a law 
of valve-leakage could be stated. It was, 
however, well worth considering what would 
be the consequence if the leakage were pro- 
portional to the difference of temperature 
between the valve-chest and the exhaust. 
This would rather point to the leak being 
due to a distorted valve. Experiments with 
D valves, worked with saturated and with 
superheated steam, showed that when the flat 
valves were taken out and tested for truth, 
after experiments with superheat, they were 
invariably warped. If warping took place 
with superheat, and was apparent when the 
valve became cold, why, he asked, should it 
be denied that it was possible that the valve 
warped, and returned to its shape when it 
became cold, even when dealing with super- 
heated steam? Не thought that Captain 
Sankey’s experiments distinctly showed that 
the warped valve was the cause of leakage. 
These interesting experiments were made 
with a Willans engine and spring rings, and if 
there was one form less susceptible to warping 
than another, it was a purely circular form. 
The D valve was a more or less complex 
casting, in which there were initial stresses 
which might or might not be released by the 
action of the steam ; with the spring ring there 
was none of this. Captain Sankey’s experi- 
ments tended to show that the spring ring gave 
a very much smaller coefficient—o‘oo3 as 
against оё 21 in the case of the flat valves. It 
would not do to carry these things too far, 
for it might be asked how it was that engines 
with flat valves did as well, or even better, 
than those with piston valves. "The whole of 
the results as to valve-leakage showed most 
distinctly that engines will do equalty well 
with any kind of valve." 


A VALUABLE paper, communicated by 
Mr. J. M. Gledhill to the Iron and Steel Insti- 
tute, New York, in October last, 
contains the following interesting 
particulars relativeto the effects of 
various elements on high-speed steel :— 

“The high-speed steels of the present day 
are combinations of iron and carbon, with 
(1) tungsten and chromium, (2) molybdenum 
and chromium, (3) tungsten, molybdenum and 
chromium. These present many interesting 
varieties, and offer a wide field for research. 
The author has made a large number of 
experiments to ascertain comparative cutting 
powers of steels produced by varying pro- 
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portions of these elements, and it may be 
interesting to briefly state the results of some 
of these investigations. 

“Influence of Carbon.—A number of tool 
steels were made, the carbon percentage 
varying from o'4 per cent. to 2*2 per cent., 
and the method of hardening was to heat 
the steel to the highest possible temperature 
without destroying the cutting edge, and then 
rapidly cooling in a strong air blast. By this 
simple method of hardening it was found 
that the greatest cutting efficiency is obtained 
where the carbon ranges from o:4 per cent. 
to о'9 per cent., and such steels are com- 
paratively tough. Higher percentages are 
not desirable, because great difficulty is ex- 
perienced in forging the steels, and the tools 
are inferior. With inereased carbon content 
the steel is also very brittle, and has a tendency 
to break with unequal and intermittent cutting. 

“Influence of Chromium. — Having thus 
found the best carbon content to range from 
о`4 per cent. to о'9 per cent, the next 


experiments were made to ascertain the in- 


fluence of chromium varying from 1'o per 
cent. to 6*o per cent. Steels containing а 
low percentage are very tough, and perform 
excellent work on the softer varieties of steel 
and cast iron; but when tried on harder 
materials the results obtained were not so 
efficient, With an increased content of 
chromium the nature of the steel becomes 
much harder, and greater cutting efficiency is 
obtained on hard materials. It was observed 
that with an increaseof chromium there mustbe 
a decrease in carbon to obtain the best results. 

* Mention may here be made of an in- 
teresting experiment to ascertain what effect 
would be produced in a rapid steel by substi- 
tuting vanadium for chromium. The amount 
of vanadium present was 2*0 per cent. The 
steel readily forged, worked very tough, and 
was hardened by heating to a white heat and 
cooling in an air blast. ‘This tool, when tried 
on medium steel, stood well, but not better 
than the steel with the much cheaper element, 
chromium, in it. 

“Influence of Tungsten.—This important 
element is contained in by far the greater 
number of the present high-speed steels in use. 
A number of experiments were made with 
tungsten contents, ranging from 9'o per 
cent. to 27 'о рег cent. From g‘o per cent. 
to 10°6 per cent. the nature of the steel 
becomes very brittle, but at the same time 
the cutting efficiency is greatly increased, 
and about 16°o per cent. appeared to be the 
limit, as no better results were obtained by 
increasing the tungsten beyond this figure. 
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Between 18:0 per cent. and 27:0 per cent. it 
was found that the nature of the steel altered 
somewhat, and, instead of being brittle, it 
became softer and tougher; whilst such 
tools have the property of cutting very cleanly, 
they do not stand up so well. 

“Influence of Molybdenum.—The influence 
of this element at the present time 15 under 
investigation, and our experiments with it 
have so far produced excellent results, and 
it is found that where a large percentage of 
tungsten is necessary to make a good rapid 
steel, a considerably less percentage of 
molybdenum will suffice. А peculiarity of 
these molybdenum steels is that, in order to 
obtain the greatest efficiency, they do not 
require such a high temperature in hardening 
as do the tungsten steels, and if the tempera- 
ture is increased above 1000° C. the tools 
are inferior, and the life shortened. 

“ Influence of Tungsten with Molybdenum.— 
It was found that the presence of from o'5 
per cent. to 3'о per cent. molybdenum in 
a high tungsten steel slightly increased the 
cutting efficiency, but the advantage gained 
is altogether out of proportion to the cost of 
the added molybdenum. 

“Influence of Siticon.—A number of rapid 
steels were made with silicon content varying 
from a trace up to 4'o per cent. Silicon 
sensibly hardens such steels, and the cutting 
efficiency on hard materials is increased by 
additions up to 3°0 per cent. By increasing 
the silicon above 3°0 per cent., however, the 
cutting efficiency begins to decline. Various 
experiments were made with other metals as 
alloys, but the results obtained were not suf- 
ficiently good, in comparison with the above, 
to call for comment." 

An analysis of one of the best qualities 
of rapid steels produced by the author's firm 
is as follows :— 


* A, W. STEEL." 
Carbon 0°55 per cent. 
Chromium 3°5 per cent. 
Tungsten . I3'5 per cent. 


Mr. GLEDHILL gives some interesting 
information as to electrical methods of 
hardening and tempering high- ar M 
speed tools. In one of these the апа 
point of the tool to be hardened Tempering 
is gradually lowered into a strong ii i eum 
solution of potassium carbonate, i 
contained in a castiron tank. The tank is 
connected to the negative terminal of a 
shunt-wound dynamo, of which the positive 
terminal is connected by a flexible cable to 
the tool to be hardened. Contact between 
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the tool and the solution completes the 
circuit of the dynamo, and the immersed 
part of the tool rapidly becomes intensely 
hot; we presume the liquid near the tool 
assumes the spheroidal state, so that an arc 
is practically formed between the liquid 
and the point of the tool immersed in it. 
The tip of the tool should be heated very 
nearly to the melting point of the steel; on 
the switching off the current the solution 
chills and hardens the tool. It has been 
found best to regulate the voltage of the 
dynamo by means of a rheostat included in 
the shunt circuit. 

In another method an arc is formed be- 
tween a carbon rod (which acts as the 
negative electrode) and the point of the tool 
to be hardened (which acts as the positive 
electrode). The arc is started at a low volt- 
age; the voltage is then gradually increased 
by switching resistance out of the shunt 
circuit of the dynamo. In this case it was 
found best to use a shunt-wound dynamo, 
working at from 50 to 150 volts, and from то 
to 1,000 amperes; this was coupled direct 
to a 220-volt motor. 

It frequently happens that hollow tools 
(such as milling, gear, hobbing, and other 
similar cutters) are required to be tempered 
in such a manner that the outside surface 
remains hard, while the interior is rendered 
soft and tenacious. This end is sometimes 
attained by inserting a heated rod within the 
hollow tool, and withdrawing this when the 
film of oxide on the outside surface indi- 
cates that the requisite temperature has been 
reached. This method has the disadvantage 
that the tool is likely to be cracked by being 
heated too suddenly, and, therefore, an 
electrical method has been adopted. 

An iron mandrel is inserted within the 
hollow tool, and the ends of this mandrel are 
connected to the extremities of a loop of thick 
copper, which forms the secondary of a step- 
down transformer, of which the primary 15 
connected to the mains of an alternating 
dynamo (330 volts, тоо amperes, 5o cycles 
per second); the voltage in the secondary 
circuit amounts only to 2 volts. The specific 
resistance of iron being high, on comparison 
with that of copper, nearly the whole fall of 
potential in the secondary circuit occurs in 
the iron mandrel, which thus becomes heated. 
The temperature of the mandrel сап be 
gradually increased by varying the exciting 
current of the dynamo; when the film of 
oxide on the outside surface of the tool 
acquires the proper shade, the transformer is 
switched out of circuit. 
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THE properties and methods of mixing 
Portland cement were described by Mr. 
Brysson Cunningham in the Feb- 
ruary number of “TECHNICS (pp. 
171-176). Since that article was 
written the Engineering Standards Committee 
have issued their Specifications for Portland 
Cement.* To a great extent the publication 
covers the same ground as that covered in 
Mr. Cunningham’s article. With relation to 
chemical composition, it is prescribed that 
* there shall be no excess of lime—that is to 
say, the proportion of lime shall be not 
greater than Is necessary to saturate the 
silica and alumina present. ‘The percentage 
of insoluble residue shall not exceed 1*5 per 
cent.; that of magnesia shall not exceed 3 
per cent.; and that of sulphuric anhydride 
shall not exceed 2'5 per cent.” 

The methods of testing prescribed are as 
follows :— 

* Briquettes of neat cement of the shape 
prescribed shall be gauged for breaking at 7 
and 28 days respectively, six briquettes for 
each period. ‘The average tensile strength 
of the six briquettes shall be taken as the 
accepted tensile strength for each period. 
For breaking, the briquettes shall be held in 
strong metal jaws, of the shape shown, the 
briquettes being slightly greased where gripped 
by the jaws. The load must then be steadily 
and uniformly applied, starting from zero, in- 
creasing at the rate of тоо lb. in 12 seconds. 
The briquettes shall bear on the average not 
less than ihe following tensile stresses before 
breaking :— 

*Seven days from gauging, 4oo lb. per 
square inch of section. 

“Twenty-eight days from gauging, соо lb. 
per square inch of section. 

“The increase from 7 to 28 days shall not 
be less than :— 

“ Twenty-five per cent. when the 7-day test 
falls between доо lb. to 450 Ib. per square 
inch of section. 

“ Twenty per cent. when the 7-day test falls 
between 450 lb. to 500 lb. per square inch of 
section. 

“ Fifteen per cent. when the 7-day test falls 
between 500 lb. to 550 lb. per square inch of 
section. 

“Теп per cent. when the 7-day test 15 550 
lb. per square inch or upward. 

“Sand Zest.— he cement shall also be 
tested by means of briquettes prepared from 
one part of cement to three parts by weight 


Portland 
Cement 


* British Specification for Portland Cement. (Lon- 
don: Crosby, Lockwood & Son.) Price 25. 64. net. 
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of dry standard sand. The proportion of 
water used shall be such that the mixture is 
thoroughly wetted, and there shall be no 
superfluous water when the briquettes are 
formed. ‘The cement and sand briquettes 
shall bear the following tensile stresses :— 

“Seven days from gauging, 120 lb. per 
square inch of section. 

“Twenty-eight days from gauging, 225 lb. 
per square inch of section. 

“The increase from 7 to 28 days shall not 
be less than 20 per cent." 


THE recent paper and discussion. upon 
Fuel Economy in Steam Power Plants at the 
Institute of Electrical Engineers, 


у raised some interesting questions 
Linings Telating to the use of refractory 


materials for lining the combustion 
chambers of boiler furnaces. The authors of 
the paper had advocated an increase in the 
temperature of combustion, by means of 
refractory linings, and a preheated air supply, 
and by more scientific control of the exit 
gases. Several of the speakers pointed out that 
the chief difficulty would be to find materials 
which would stand the high temperatures at- 
tainable under these conditions; and reference 
was made to siloxicon and other products of 
the electric furnace as being most likely to 
meet the special requirements of the case. 
We may draw attention to an article 
published by Mr. F. A. G. Fitzgerald in 
Llectro-chemical [Industry of November, 1904, 
which bears upon this discussion ; since the 
author discusses the refractory materials 
available for lining electric furnaces, in which, 


it is almost needless to say, the temperature. 


much exceeds that obtainable in any boiler 
furnace fired with solid fuel. Mr. Fitzgerald 
shows that there are three types of refractory 
material available for electric furnace 
linings. For the lower ranges of temperature 
he recommends the silicon carbides of a 
non-crystalline type; for the next higher 
range he advises the use of crystalline silicon 
carbide, generally known and sold under its 
trade name of “carborundum,” and for the 
highest temperatures of all, charcoal. Upon 
the use of silicon-carbides for furnace 
construction Mr. Fitzgerald says, “ To sub- 
stitute bricks made of a silico-carbide for 
fire-brick 15 not advisable, since the silico- 
carbides are much better heat conductors 
than ordinary fire-bricks. Hence if they are 
used alone, they cause а serious loss of heat, 
and should not be used, except in those 
places where a good heat-resisting material 
is required." 
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The various methods of making bricks 
from the silico-carbides are then discussed. by 
Mr. Fitzgerald at some length, and the limiting 
temperature at which the crystalline variety of 
this product is useful is stated to be 3,500 C., 
at which temperature carborundum is separated 
into its elements, carbon and silicon. 

In a letter published in the same issue 
of E/lecfro-chemicad Industry, Mr. E. K. Scott 
gives details of some experiments carried out 
at Maroker, in Norway, with native magnesite. 
‘This material was obtained from mines in 
Southern India, and the attempt was made to 
mould bricks of this, and then to convert 
these into blocks of crystalline magnesia 
by submission to the heat of an electric arc 
furnace. These experiments failed, pre- 
sumably owing to the great shrinkage and 
contraction which would follow the loss of 
water and carbonic acid gas by the half- 
finished bricks. But Mr. Scott goes on to 
state, that when applied as a wash to ordinary 
furnace linings of fire-brick, magnesite has 
been employed with some success. Mr. Fitz- 
gerald, however, criticises this statement, and 
gives details of some experiments made by 
himself and Mr. Bennie at Niagara Falls, in 
which they employed magnesite for a portion 
of the lining of an electric arc furnace. The 
temperature of the furnace was well below 
that required for the production of 
* carborundum" (namely, 3,900’ C.), but at 
the end of eight hours' heating the magnesite 
lining, which was 1°6 inches thick, was 
completely fused. Carborundum andsiloxicon 
would therefore appear to be the most 
refractory materials at present available for 
furnace linings, and from time to time we 
shall publish information as to the results 
obtained in practical trials with these two 
compounds. 


THE official programme of special lectures, 
to be delivered during the meeting of the 
British Association in South Africa 
in August, has been published 
recently ; it contains the interest- 
ing announcement that Sir William Crookes 
will discourse on ** Diamonds" at Kimberley, 
the centre of the South African diamond- 
mining industry. In view of this fact, 
and the probability that Sir William Crookes 
will have something to say on the subject 
of artificial diamonds, the following details 
of the latest researches* of the distinguishea 
French chemist, Henri Moissan, on this 
subject, will be read with interest. 


Artificial 
Diamonds 


* Comptes Rendus. Vol. 140, p. 277. 
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These researches and new experiments 
were based upon the theory that the presence 
of certain impurities in the molten metal, 
from which the carbon separates in the 
crystalline form, will assist the displacement 
of the carbon ; the other elements capable of 
entering into union with the iron take its 
place, and in this way larger diamonds may 
be obtained than in the earlier series of 
experiments carried out by Moissan in Paris 
some years ago. Sulphur, phosphorus, and 
silicon were named as elements likely to act 
in this way; the presence of these having 
been ascertained in the famous Cañon Diablo 
meteorite, which also contained minute frag- 
ments of crystalline carbon—or diamonds. 

Moissan's experiments with the first-named 
impurity, sulphur, were carried out as 
follows :— 

Swedish iron was broken into fragments 
and melted in the presence of carbon obtained 
from sugar, in an electric furnace ; a circuit of 
400 amperes at 120 volts being employed. 
After the iron had taken up as much of the 
carbon in the form of carbide as it could 
hold at the temperature attained in the experi- 
ment, a small quantity of iron monosulphide 
was added, and the molten mass was rapidly 
cooled. ‘This rapid cooling of a mass of 
highly-heated metal is Moissan's method for 
obtaining the great pressure required to pro- 
duce crystallisation of the carbon separating 
from the metal; since the crust of metal 
forms outside the molten mass, and necessarily 
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contracts during solidification. ‘The diamonds 
the French chemist obtained by this method 
of procedure, with the addition of iron sul- 
phide to the molten mass, were of the same 
order and size as those obtained in his earlier 
experiments, and the only difference observed 
was that the yield, though still small, was 
distinctly better. In a single ingot of rapidly 
cooled iron, Moissan states that he found 
eight or ten minute diamonds, of which half 
or two-thirds could be separated without the 
aid of a magnifying glass. 

Experiments with iron silicide, added to the 
molten metal at the moment of cooling, gave 
similar results. The yield was slightly larger 
than before, but the diamonds were too small to 
be of any commercial value. Iron phosphide, 
on the other hand, gave no diamonds at all. 

The manufacture of artificial diamonds in 
the electric furnace has, therefore, not yet 
progressed beyond the laboratory stage. It 
will be interesting to learn whether Sir William 
Crookes has anything new to communicate, 
on this aspect of his subject, at Kimberley 
in August. ‚ 


THE internal combustion engine is efficient 
only between very narrow limits, and its 
power varies practically as its 


. Motor-Car 
speed; hence the use of the Chaos Steed 
engine to drive  motor-cars ^ Gears 


necessitates the employment of 
change-speed gearing for altering the speed 
ratio between engine and road wheels. 
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FIG. 1.—SPpUR-WHEEL CHANGE-SPEED GEAR FOR MOTOR CARS. 
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Many devices have been tried; but the 
one that is most successful, and is now 
almost universally adopted, is an arrange- 
ment of spur gears on two shafts, arranged 
so that various pairs of gears may be slid 
longitudinally into mesh. It is usual now to 
arrange for four forward speeds and one 
reverse. ‘The ratios of the forward speeds are 
about r:2:3i:41; these are found to 


give a car ample hill-climbing power, while : 


allowing it to maintain the highest possible 
speed on the level. 

The generally accepted arrangement of 
gearing in use on the latest cars is shown in 
Fig. 1, although naturally every make has its 
points of difference. This system appears 
extremely barbarous and unmechanical, but 
is evidently the most satisfactory, as the 
standardisation of machinery always involves 
the survival of the fittest. 

A little “knack” is required to “ change " 
the gears, but a knowledge of what must be 
done renders it very simple with a well- 
designed gear. The ideal gear would be 
one in which the sliding wheel has no 
momentum; but, as this is naturally im- 
possible, it is desirable to keep the 
momentum at a minimum. 


SUPPOSE it to be desired to change from a 
low gear ratio to a higher, as shown at A and 
. . C (Fig. 2), the lower pair of gears 

a (the sliding ones) being normally 

driven by the engine, through a 
clutch, at 500 revolutions per minute. 

The upper pair of gears, which are 
positively geared to the road wheels, are 
driven by the momentum of the vehicle, 
after the sliding gears have been moved out 
of mesh into position B; the clutch, of 
course, having been withdrawn preparatory 
to moving the gears. 

It is evident that before the high ratio pair 
of gears can be meshed, they must have the 
same peripheral velocity ; but a slight change 
in the momentum of the sliding gears can be 


allowed to take place by the teeth rubbing ° 


together, so that if the mass of the gears 15 
small, they can be engaged when running at 
slightly different velocities. Now, seeing 
that the clutch is disengaged, the sliding 
gears will slow down, by friction ; as soon as 
they have slowed down sufficiently (in the 
example, to 125 revolutions or thereabouts), 
they may be intermeshed with the fixed 
gears. When the friction clutch is re-engaged, 
it will increase the speeds to those shown at C. 

On changing from a higher to a lower 
gear, the case 1s reversed. When the gears, 
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which have been running at normal speed 
(as at C), are brought to the ‘‘ free” position, 
the peripheral speed of the small sliding gear 
is too slow for intermeshing at once with the 
large fixed gear. The vehicle, and with it 
the fixed gears, slows down; it 15 only 
necessary to keep the free gears spinning at 
their normal speed, and this is easily done 
by re-engaging the clutch for an instant. 
When the fixed gears have slowed down 
sufficiently (in the example, to 250 revolu- 
tions), the gears can be engaged; with 
practice, this can be done every time without 
the slightest difficulty. 

This arrangement of gearing is exceedingly 
simple to operate, and only looks difficult 
and barbarous to those who have had no 
experience with it. 


Fic. 2.—To ILLUSTRATE METHOD OF 
CHANGING GEAR. 


In this example a ratio of 4 to 1 between 
the gears has been taken, but in practice this 
is about the ratio between highest and 
lowest gear, so that one change between such 
wide limits would never be required. When 
the changes are between narrower limits, the 
waits for alteration in gear velocity would be 
much shorter, in fact, actually, they are only 
momentary. 


THE introduction of the pressed steel 
frame for motor-cars has enabled designers 
and manufacturers to more fully 
comply with requirements, as the E 
frames can now be made of any Motor-Cars 
requisite shape or form almost as 
cheaply as the old straight flitched wood or 
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FIG. 3.—PRESSED STEEL FRAME FOR MOTOR CAR. 


channel frames could be produced. To give 
more clearance for the movement of the 
body on the long springs now customary, it 
is becoming usual, on the highest class of car, 
to curve the frame upwards at the back over 
the rear axle, as shown in Fig. 3. 

This also enables the body to be kept 
rather lower, and is not at all inconvenient, 
as it merely reduces the depth of the “ boot” 
below the back seat. A frame of this form 
would, of course, not be*suitable*for a rear 
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entrance: body, but these are now entirely 
superseded by side entrance types in all but 
the smaller sizes. 

In a few designs another improvement has 
been effected by casing in the chassis round 
the motor and discarding the (now old- 
fashioned) secondary frame. ‘The later types 
of cars are evidently approaching an ideal 


for cleanliness: all machinery is completely 


encased, running in grease or oil baths; the 
motor is enclosed in a tube with semi-open 
front and a draught of air induced through 
it, all parts, at the same time, being rendered 
readily accessible in case of necessity. 


IN connection with the electric tramway 
at Balmain, near Sydney, Australia, there is 
a piece of work meriting especial 
comment. It consists in the Traction: 
application of the counterweight Contersvicht 
principle to a single track. Liné 
Usually the principle is em- 
ployed on a double track, the descent of a 
car on one line facilitating the ascent of a 
car on the other. The extension of the line 
from Nicholson Street to the Darling Street 


Fic. 4.—CouNTERWEIGHT TRAMWAY, BALMAIN, NEAR SYDNEY, AUSTRALIA. 
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Wharf was a matter of much difficulty, owing 
to the steep descent in the level. Several 
circuitous routes were considered, but these 
all involved extensive resumptions of private 
property ; so it was decided to make a direct 
descent bv means of the counterweight cable 
system, and this was accordingly done. The 
scheme was devised and worked out by the 
officers of the State Department of Public 
Works. 

The extension was an extremely short one, 
being only nine chains in length, but the 
grade was r in 8°48. The permanent way 
on the street surface is constructed of 89-lb. 
grooved rails, tied to a centre slot over a 
tube of concrete. similar to cable tramway 
constructions, Upon this track the cars run, 
being preceded by a buffer trolley, which has 
a gripper attached to a steel-wire rope, fixed 
at one end to a small counterweight trolley, 
which is weighted to ten tons. This travels 
on rails laid on a 2-ft. 6-in. gauge in a 
subway parallel to the tramway track on the 
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surface. The wire rope is led round a 6-ft. 
horizontal sheave, at а point near where the 
drop in the level commences, from the cable 
tube to the subway, at the terminal end of 
which a hydraulic buffer, with a cylinder 
то in. diameter, 3-ft. 6-in. stroke, is fixed, 
provided with weights to draw out the buffer- 
rod after being compressed by the impact 
from the weighted trolley. ‘The track is 
bonded, and the overhead wire construction 
15 carried out in the usual manner 


By trcating oil of neroli with 80 per cent. 
alcohol, separating the methyl anthranilate, 
and fractionally distilling а new 
alcohol of the formula C,,H,,0, Nus T 
an isomer of geraniol has been Geraniol 
obtained by Hesse and Zeitschel. 

‘The new compound, which has been named 
* Nerol,’ and which boils at between 225° 
and 227° at a pressure of 765 mm., differs 
from geraniol in not forming a compound 
with calcium chloride. It has a rose odour. 


PATENTEES AND THE PUBLIC. 


By JOSIAH ODDY, of the Middle Temple, Barrister-at-law. 


I. Where an application for a patent has been made, 
and a complete specification. fled, the Patent 
Office shall forthwith, in addition. to other 
s'atutory inquiries, search. whether the invention 
has been wholly or in part claimed or. described 
in any complete specification filed during the fifty 
years preceding the date of application. 

2. Should the search. show that the invention has 
been wholly or in part claimed or described, the 
applicant. shall be informed thereof, and may 
amend his specification, and the amended specih- 


HE above concise abstract of 
the new Patent Act which 


came into operation on 
January 1st, поо, will 
probably convey to the 


reader the main principles 

which must, for the future, 
guide intending patentees and safeguard the 
public against bogus patents. 

Until the year 1902, when the new Act was 
passed (though its operation has been deferred 
until now), the Crown gave a patentee 
practically an unconditional grant, as dis- 
tinguished from the rigorous examination for 
novelty enforced by Germany and the United 
States. 


cation shall be investigated in like manner as the 
original specification, 

3. If the Patent Office is satisfied with the specification 
it is accepted, 

4. If the Patent Office is not satisfied with the specifi- 
cation, after hearing the patentee’s explanations, 
and unless the Patent Office objection be removed 
by amending the specification, the Patent Office 
shall determine whether a reference to any, and 
if so, what, prior specifications ought to be made 
in the specification by way of notice to the public. 


The respective advantages of the British 
and foreign systems have been much dis- 
cussed, and might be said to have culminated, 
so far as this country is concerned, in the 
appointment of a powerful and representative 
Board of Trade Committee of Inquiry. The 
Committee appears to have struck the golden 
mean between the existing British and foreign 
systems, and itsrecommendations areembodied 
in the paragraphs which preface this article. 

How far the new Act will succeed may be 
said to depend upon the efficiency of the Patent 
Office. The system is only half as rigorous as 
that of Germany and the United States, and it 
may be safely said that in neither of those 
countries is the Patent Office efficient ; the 


404 


staff of examiners in each case is wholly 
inadequate to understand the patents filed 
and to search for their novelty. ‘The con- 
sequence 1s that the reports of examiners are 
being constantly reversed, old inventions 
are being accepted, and new and valuable 
inventions as often rejected. 

In one case alone, that of Steinmetz's 
patent for improvements in motor-meters, 
filed November 21st, 1896, it was not until 
February 23rd, 1904, that the inventor suc- 
ceeded in establishing his rights against the 
improper action of an examiner. 

In view of such experience, we are inclined 
to admire the caution with which the British 
Legislature has embarked upon the troubled 
waters of reform. Having given statutory 
effect to the recommendations of the Board 
of Trade Committee, they immediately set 
about preparing the way for working the Act. 
Competitive examinations were instituted for 
the appointment of examiners, and the Patent 
Office started at the beginning of the present 
year with twenty-four chief examiners, twenty- 
four deputy examiners, and a hundred and 
thirty-one assistant examiners. ‘They will 
have about sixteen thousand complete speci- 
fications to deal with in the course of the 
year, and the number of official working 
hours is set down in the official report of 
Igor at 1,430. This allows about sixteen 
hours to an examiner for each application. 
It is doubtful whether this will be adequate. 
It 15 certainly a longer time than is allowed 
examiners in the United States or Germany ; 
but that is no criterion, because what con- 
stitutes one invention here would constitute 
four inventions there. For instance, one 
patent on the subject of golf balls here was 
found to include the subject matter of nine 
United States patents, so that the examiner 
here in such a case would have to do the 
same amount of work on one patent as the 
United States examiner expended upon nine. 

Similarly in Germany an English patent for 
а type-writing machine had to be divided into 
five German patents. It is evident, therefore, 
that the present staff, with. which the British 
Patent Office is endeavouring to work the 
new law, is not over-liberal. 

Let us assume that we have an adequate 
staff of examiners, adequately equipped for 
their work, how do they proceed? The 
examiner who has charge of an application 
first peruses the provisional and complete 
specifications, from which he should learn 
how the invention is to be carried into effect. 
He then reads the claims for the purpose 
of ascertaining what it is the applicant seeks to 
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hold a monopoly of, as his invention. With 
this knowledge before him.the examiner then 
makes his search back for a period not 
exceeding fifty years ; after which he reports 
whether the Comptroller should accept the 
specification, or whether the specification 
should be amended, or whether the specifica- 
tion should be endorsed with references to 
prior specifications, 

If the Comptroller has been advised toaccept 
the specification, it is open to public inspection 
for two months. If no opposition be filed 
within that period, the patent may be sealed. 

If the examiner finds the invention in part 
claimed or described in an earlier specification, 
the patentee will receive notice of objection, 
and must amend accordingly. The same 
must be exposed for two months' public 
inspection before being finally sealed. 

Should the examiner find the invention 
wholly anticipated, he will stop his search and 
report the invention entirely old. The would- 
be patentee will then be heard by the Comp- 
troller, to determine what reference to prior 
specifications should be inserted in the appli- 
cant's specification before granting a patent. 

It will be observed that this limits the 
Comptroller's power and safeguards the public. 

If the applicant should differ from the 
Comptroller—which is more than likely—as 
to his invention being wholly anticipated, no 
harm can be done by allowing the applicant 
to receive his patent for what it may be worth, 
provided the public are warned of prior speci- 
fications which the Comptroller may consider 
an anticipation of the applicant's invention. 

If satisfactory amendments are not made 
by the applicant after due notice, the Comp- - 
troller, who is acting not only in the interests 
of inventors, but who is also safeguarding the 
public, has the power of stating his objections 
in detail; апа Mr. John Cutter, K.C., has 
expressed the hope that particular parts of a 
specification will be referred to, following the 
practice customary when specifications are 
referred to in particulars of objections in 
patent actions. 

Various eminent writers have manifested 
much distress at the possibility of such a 
course. ‘They are afraid the poor patentee 
will have his specification so littered with 
references to prior specifications that he will 
be in the position of a guilty publican whose 
license has been endorsed. And what matter, 
if, like an offending publican, it means that 
he is unfit to have a license from the Crown? 
He is trying to palm off a worthless thing and 
get the imprimatur of the Patent Office as a 
mark of its value. 


BALLISTICS OF MODERN RIFLES. 


PART 


III.—INTERNAL BALLISTICS. 


Continucd from No. 16, p. 315. 


By R. H. HOUSMAN, B.Sc., M.I.E.E. 


Y a series of successive approxi- 
mations the movement of 
the bullet, and therefore the 
increase of volume occupied 
by the gases, can be calcu- 
lated ; the diminution of the 
surface due to combustion 

being taken into account at each step. The 
result of this calculation is shown in Fig. 6, 
curves А and A' which show the varia- 
tions of pressure with time and travel 
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Fic. 6. —CUCRVES SHOWING VARIATION OF PRESSURE 
WITH TIME AND TRAVEL ОЕ BULLET. 


A, pressure curve for strand cordite. A‘ (lower curve 

marked A), time curve for strand cordite. B, pressure 

curve for 0°022 in. flat strip cordite. B', time curve 
for 0022 in, flat strip cordit:. 


of the bullet. It appears that the bullet 
moves about r2 in. before the maximum 
pressure is attained, the corresponding time 
being a little over о'ооб second; the calculated 
pressure is just under 18 tons. 

The results of a corresponding calculation 
for a similar charge of sheet cordite o*022 in. 
thick is shown in curves B and B' (Fig. 6), 
the surface in this case being taken constant 
at 7 square inches. The pressure is reduced 
to about r4 tons in this case, which agrees 
very well with the observed result of 14*4 tons 
with flat strip o'185in. X o'o22in.,in which case 
the initial surface is about 71 square inches, 
and the final about 6 square inches, which 
accounts for the slightly higher pressure. The 
time of reaching maximum pressure is nearly 
o* 0008 second, and the travel of the bullet a 
little over 21 inches. 


These calculations can only be considered 
approximate, but they are sufficiently in 
agreement with experiment to justify the 
assumptions which have been made with 
regard to the proportionality of the rate of 
burning of cordite to the pressure. A further 
assumption made in these calculations is 
that a constant proportion of the work done 
is absorbed by friction, this proportion being 
taken as 25 per cent., which represents about 
an average of the result of a large number of 
experiments in which the muzzle energies and 
the indicated energies of various charges were 
compared. The friction seems to be higher 
with cordite than with some other powders 
for which the proportion of the total work 
absorbed by friction is 20 per cent. or less. 

Experiments with charges giving pressures 
from тз to 28 tons per square inch show that 
the percentagelost in frictionis nearly constant, 
the increase of friction with pressure being 
very clearly indicated. In consequence of 
the assumption that the acceleration of the 
bullet is always 0°75 of that which would be 
caused by the pressure acting without friction, 
the variations of pressure due to the difference 
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Fic. 7.— Full line curve represents result of experiment 
in which waves were not produced. Dotted line curve 
shows the result when waves were fully developed. 


in the “lead” are ignored ; but a calculation 
made on the supposition that the bullet moves 
freely for o*2 of an inch, and then encounters 
a resistance equivalent to about 5 tons per 
square inch (as in the o*303 “short lead ") 
whilst the bullet is entering the rifling, gives 
very similar results. 
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One of the greatest difficulties encountered 
in these investigations has been due to the 
existence of pressure waves, in consequence 
of which а given cartridge may опе day give 
16 tons, and another day rọ. The existence 
of these waves is much more evident when 
using small crushers and light pistons than 
when larger crushers and heavier pistons 
having a greater time lag are used. lIt is 
supposed by some that these variations. are 
due to the untrustworthiness of the crusher 
gauge, and therefore that small are less trust- 
worthy than large crushers, because the former 
show greater variations. We consider, on the 
contrary, that the small crushers indicate more 
truly the maximum pressure in rifle barrels 
than large ones, since they will indicate the 
existence of a wave whose period is only 
about 1/10,000 of a second. These waves 
must be considered important in determining 
the stress in the barrel, since the time of radial 
vibration of the latter is less than 1/100,000 
of a second. 

Fig. 7 shows two curves taken from the 
same lot of cartridges on different days. One 
of these shows the existence of waves which 
are either not present in the other case, or, if 
present, happen to have their nodes near the 
positions of the crusher pistons. It often 
happens that a series of similar charges with 
different thicknesses of cordite will all, on one 
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IN 0° 303 RIFLE, 


(For data, see Table IV.) 
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day, show a series of waves having their maxi- 
ma at nearly the same points in the barrel and 
all show smooth curves on another day. Qn 
this account, pressures in big guns are generally 
taken by comparison with a standard charge, 
and a “correction for the day” applied, to 
give what is considered to be the normal 
pressures of the charges under test ; this is an 
attempt to eliminate the effects of the Waves, 
which vary from day to day. 

Fig. 8 shows the pressure curves of various 
charges in a 0'303 rifle, and indicates the 
possibility of increasing the power of the 
weapon without materially raising the pressure. 
The figures given in Table IV. show velocities 
taken in the pressure gun simultancously with 
the pressures, which are about 70 ft. /sec. lower 
than those given in a rifle having a * short 
lead." A very complete series of experiments 
has shown that a velocity of 2,300 feet per 
second may be obtained with flat strip 
cordite M.D., without exceeding the pressure 
of the Service cartridge. The special advan- 
tage of cordite M.D. is the reduction. of the 
heating and erosion of the barrel, which is 
very marked when any attempt is made to 
increase the charge of Mark I. cordite 
in order to get improved ballistics. Ву 
increasing the length of the case and then 
adding 20 per cent. to its capacity, velocities 
up to 2,500 ft./sec. may be obtained for 
about r9 tons pressure. With a strong breech 
action, such as in the Mauser or Mannlicher, 
pressures of 24 tons per square inch are quite 
safe, and would give velocities up to 2,700 
ft./sec. with the long case. The advantages 
of such a velocity as this will be treated of 
under the head of * external ballistics." 

In using either flat strip or flake powder in 
the place of round strands, it 1s necessary to 
keep the thickness within. very narrow limits, 
since even r/1,000 inch variation has а 
distinct effect on the ballistics obtained, 
'The proper thickness may be calculated from 
the velocity desired, the weight and. diameter 
of the bullet, and the mechanical efficiency. 

‘The method of calculation is as follows :-— 
The value of the product of pressure and net 
volume produced by a grain of cordite 1s 


TABLE IV.—DATA REFERRING TO CURVES IN Fic. 8. 


A.—30 grains 0'033 strand. . 

B.— 35 grains o'I X O'OIS cordite M. D. . 
C.—45 grains o'I X 0'019 cordite M.D.(long case) 
D. —36 i grains German flake powder . . . . 
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Velocity. Energy. Energy. Efficiency. | Pressure; 
ft.-Ths, ft.-Ibs. ^; Percent. tons sq. in. 
2,043 1,988 2627 9607 17°9 
2,257 2,425 2,553 | À 8572 18*6 
2,392 2,723 3400 | 2 18°3 
2,100 2,100 ' 2,656 | 2 | 18:9 
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o'276 inch-ton; and since there are 394 
grains to the cubic inch, the value of P.V. 
given by each cubic inch of cordite is 108:6 
inch-tons. 

At 1 ton per square inch the combustion 
of 1 cubic inch of cordite burning over a face 
т inch square will last 108°6/95 = 1'144 
sec., since 95 cubic inches of.gas are given 
cff per square inch per second; so that the 
product of pressure and time required to burn 
г inch thickness is 17144 ton-secs. ‘This 
would vive, to a piston exposed to the pressure, 
a momentum per square inch of 1:144 X 2240 
X 32:2 = 82,500, so that a momentum per 
square inch = rooo will burn 1/82'5 inch 
thickness of cordite on one face, or 2/82°5 on 
two faces, or about о'о243 inch. 

It is usual in practice to deal with the 
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weight of projectile per circular inch, or ji 
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rather than per square inch, or 50 that 
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14 
the most convenient quantity to use is what 
may be called the “ sectional momentum,” or 


product of velocity into sectional density, 


W 


v, V X T The thickness of cordite burnt 


is proportional to this sectional momentum. 
Since 070243 inch diameter is burnt by a 
momentum per sq. in. of r,ooo, therefore 
0'0309 inch will be burnt for a sectional 
momentum of 1,000. ‘I'he sectional momen- 
tum of the 0'303 bullet at the muzzle is 
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2,050 X 215 _ (6 
7,000 X (0:308)? T 
that given to the bullet by the amount which 
has been lost in friction, so that the sectional 


This is less than 


momentum given to the bullet is 291. 886. 


The thickness of the cordite burnt at the 
muzzle is 0:886 x o'0309 = 0'0274 :nch, 
leaving 0°0056 inch unburnt. 

For flat strip cordite the combustion must 
be complete long before the bullet reaches 
the muzzle, which is allowed for by taking 
the velocity at 1o inches or 12 inches from 
the breech, which is 75 to 80 рст cent. of the 
muzzle velocity. "This gives a thickness of 
0'0274 X о`8 = o'o22 inch. 

As an example of the extension of this 
method of calculation to big guns, take 
a I2-inch gun with a muzzle velocity 
of 2,360 ft./sec., and a projectile weighing 
850 lbs. Тһе mechanical efficiency in 
this case is probably at least о'95, and 


the sectional density is 2 5'9. The 
144 


sectional momentum given to the shot is 
5°9 X 2,360 
0'9 

The thickness of cordite burnt up to the 
muzzle is 14,660 X 0°0309 = 0'453 inch, 
the thickness of the strands being 0°46 inch. 
The combustion is just completed as the shot 
leaves the muzzle, which is what is generally 
considered the correct practice with strand 
cordite. 


= 14,660. 


(Zo be continued.) 


TANTALUM AND CARBON FILAMENT LAMPS COMPARED. 


Messrs. А. E. KENNELLY and S. E. Whiting 
contributed an interesting article on the above 
subject to a recent number of the Electrical 
World of New York. Ап ordinary carbon 
filament lamp was found to have a resistance 
of 600 ohms when cold. As the voltage 
across the filament was increased, the resist- 
ance fell to a minimum of 288:2 ohms at 
75 volts, remained stationary up to about 
9o volts, and then slowly increased to 293 
ohms at r40o volts. ‘The tantalum filament 
had a resistance of 55 ohms when cold, and 
the resistance increased quickly at first, and 
then more slowly as the terminal voltage was 
increased, reaching 316:8 ohms at 143°3 


volts. It was found that, under working 
conditions, an increase of 5 per cent. in the 
voltage produced an increase in the current 
equal to 3°75 per cent. The power absorbed 
by the tantalum filament is greater at low 
voltages, and less at high voltages (such 
as those used under working conditions), 
than that absorbed by the carbon filament. 
At. 110 volts the tantalum lamp consumed 
2:2 watts per candle; the carbon lamp 
consumed 4*5 watts per candle at 120 volts, 
its normal voltage. ‘The normal efficiency 
of the tantalum lamp was, therefore, nearly 
twice as great as that of the carbon filament 
lamp. 


THE APPLICATION 


OF ELECTRICITY TO MINING. 


By JAMES TONGE. 


T will be readily conceded, we 
imagine, that the mining of 
the useful minerals such as 
coal, iron, lead, zinc, tin, 
copper, gold, etc., forms one 
of the most important in- 
dustries of this and many 

other countries ; and one moreover to which 
the best thought has been given and the 
highest skill applied. — It is not surprising, 
therefore, that mining engineers have taken 
advantage of the recent rapid advances in 
the science of electricity, and are seeking to 
apply it as a motive power to many depart- 
ments above and below ground, in both coal 
and metalliferous mining. 

Electricity, in all but one respect, is 
eminently adapted to use in mines. Itis ser- 
viceable, effective, convenient and economical 
in use, and lends itself admirably to winding, 
hauling, drilling, cutting, ventilating, lighting 
and pumping. The one exception is its 
danger, especially in fiery coal mines ; but 
this drawback is being gradually overcome, 
and its entire elimination may be looked for 
at no very distant date. 

In Germany, Belgium and France, many 
of the principal mines, both coal and metal, 


are equipped electrically throughout ; in the 
United States it is a common power; in 
England and’ many of her colonies it is in 
use for all the purposes named except 
winding, from the cutting of coal on the one 
hand to the dressing of ores on the other. 
There are many advantages to be derived 
from the use of electricity. The ease and 
regularity of its production, its elasticity and 
adaptability to various operations, and finally 
its economical generation and application, are 
no mean features in its favour in an industry 
where the conditions of working are both 
difficult and dangerous. 

We propose, in this article, to refer to the 
most modern arrangements for its generation 
and distribution, and the various purposes to 
which it can be applied in mines. 


CENTRAL ELECTRIC INSTALLATION, 


Generally a central generating plant 15 set 
up, and from here the power is distributed to 
different shafts and workshops, in the manner 
most conducive to economical working ; the 
flexibility of the electric system, which is 
almost independent of distance, allows this 
to a degree seldom attained with steam or 
compressed-air transmission. The station 


Fic. 1.—ENCLOSED COMPOUND ENGINE AND MULTIPOLAR ALTERNATING 
DvNAMO (Messrs. Scott & Mountain). 


The Application of Electricity to Mining 409 


ENGINEERING COMPANY. 


is placed near to the boilers, the generators 
being driven, as a rule, by high-speed expan- 
sion engines (with automatic governors, forced 
lubrication, and cut-offs) or turbines, and the 
whole of the plant is fitted with the most 
modern appliances, both for ensuring safety 
and trustworthiness in working and for econo- 
mising steam, and consequently coal. There 
are different designs, for each of which some 
advantages might be named, such as: (а) Slow- 
running engine having armature of dynamo 
coupled direct on to crank- 
shaft. (4) Slow-running engine 
coupled by ropes or belt to 
dynamo. (с) Quick-running 
vertical engine having arma- 
ture of dynamo coupled on 
crankshaft (Figs. т and 2). 
(d) Extra quick-running steam 
turbine having armaturc 
directly coupled. "These en- 
gines are arranged so that 
one or more can be running 
at one time, and as there arc 
often some parts of the dav 
when more current is called 
for than at others, the spare 
engines are set fo work ac- 
cordingly. 


DISTRIBUTION. 

The systems for use in collieries may be 
divided under two main heads, vi2.:— 

I. Polyphase alternating-current system. 

2. Direct-current system. 

For coal-mining work there can be no 
doubt that polyphase-current machinery is 
superior to direct-current machinery. ‘This 
superiority is chiefly due to the polyphase 
induction motor, which has neither brushes, 
commutator nor slip rings, so that there is not 


FIG. 3.—INGERSOLL.SERGEANT ELECTRICALLY-DRIVEN AIR 


COMPRESSOR. 
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FIG. 4.—REAVELL ELECTRICALLY-DRIVEN AIR COMPRESSOR. 
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Fic. 5.—PLAN AND ELEVATION OF ELECTRIC LONGWALL CoAL CUTTER. 


(Reproduced by the kind permission of the Council of the Institution of Mining Engineers.) 
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. only entire freedom from sparks, but the 
absence of these sensitive parts'is a great 
gain where motors are often entrusted to the 
care of unskilled men or exposed to dust, 
dirt and damp. Some exceedingly service- 
able motors of this type are in use. The 
Westinghouse type “С.В.” motor has a 
strong starting torque, which enables it to 
start easily under loads, and it may even be 
pulled up dead by extreme overload with- 
out injury—a feature impossible in other 
types of motors, but of great advantage in 
mining under certain conditions. 

For coal-cutters, it has hitherto been found 
well-nigh impossible to construct polyphase 
motors of sufficient power for the exceedingly 
difficult work of cutting, and yet small enough 
to be taken into a thin seam. But the great 
stress laid on the necessity for such motors, 
by the Departmental Committee on Electricity 
in Mines, has induced many firms to attempt 
to devise a suitable three-phase machine. 
The Diamond Coal Cutter Company have 
overcome the difficulty by using two motors 
arranged end to end, so as to reduce both 
height and width. ‘The motors have their 
rotors connected through slip rings to the 
primary circuit, the stationary coils being 
connected through a rheostat, thus obviating 
the necessity of carrying the heavy current 
through slip rings. It is always difficult, in 
the case of a coal-cutter motor, to devise 
a suitable arrangement for short-circuiting 
the slip-rings, but without this the extra 
resistance in the circuit would seriously 
reduce the efficiency of the motor. The 
arrangement described obviates this difficulty. 
In former patterns of polyphase machines, 
the motors were of the short-circuited rotor 
type, started either through an auto-trans- 
former or with a mechanical slip in the 
gearing ; but neither of these methods could 
be considered satisfactory. 

For transmission over long or short 
distances, polyphase machinery is equally 
applicable, the pressure being varied accord- 
ingly. For long distances, high voltages are 
advisable, pressure if necessary being reduced 
by transformers placed at suitable points. 

For special purposes, such as driving 
electric locomotives and pit-bottom haulage 
engines, or for use in small or non-fiery mines, 
direct-current may be employed. In this 
case the generating station would contain two 
or more dynamos, connected up on either 
the * two-wire" or “ three-wire” system. 
The British Westinghouse Company have 
introduced a double-current generator capable 
of furnishing both alternating and direct 
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current simultaneously in required proportions, 


'and this has proved of great service at some 


mines where both kinds of current are used, 
being considered preferable to the adoption 
of both direct and alternating current 
generators, the one to supply power for 
locomotives and hauling engines, the other 
to be used for the cutters, pumps and lights. 


CABLES. 


It will readily be seen that the question of 
the best form of cable for use in mines is a 
serious one. In their report the Electricity 
in Mines Committee pointed out the great 
difficulty of guarding against all cable risks. 
The conditions met with in mining are 
generally more unfavourable than those 
experienced elsewhere. "The atmosphere is 
generally warm, sometimes damp, and fre- 
quently the presence of acidulated water adds 
to the difficulties of maintaining an effective 
insulation. Even in shafts and roadways 
there is great liability to abrasion from external 
causes, owing to falling bodies in shaft, falls 
of ground below, lifting floors, and derailed 
tubs. On the working faces and the roads 
adjacent thereto the risks are still further 
increased ; restricted space, the constant need 
of alteration, greater liability to damage from 
falls, all tend towards greater wear and tear 
and necessitate greater care than is the case 
with main road cables. 

In shafts, the cables are often suspended 
from the surface, being hung from special 
insulating clamps. It is also necessary to 
clamp them at intervals down the shaft 
unless they are specially strong. Very often 
a special form of cable is adopted, which is 
easily capable of bearing its own weight from 
top to bottom. ‘This cable is specially 
armoured with galvanised iron wire. For 
special precaution it is sometimes encased 
in iron pipes of small diameter. Armoured 
cable is also most serviceable underground, 
forming a good protection against the bad 
effects of a short circuit and consequent 
burning of the wires. 


ELECTRICALLY-DRIVEN AIR COMPRESSORS. 


Notwithstanding the excellent results 
obtained by electricity, there are certain 
purposes for which compressed air seems the 
ideal power. In some mines it may be the 
only motive power which can with absolute 
safety be adopted at the face, and failing the 
introduction of an efficient electric percussive 
drill, it is impossible to dispense with 
pneumatic drills in metalliferous mines, for it 
is in the latter that by far the greatest number 
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of power drills are employed. The great 
drawback to compressed air is its low 
efficiency, especially when used at great 
distances from the compressor, unless large 
air-pipes are used. Оп the other hand, it is 
safer than electricity, and can be applied 
easily to many different purposes. But in 
many extensive metalliferous mines, and in 
some fiery coal mines, a combination of the 
two means of trans- 
mission seems the 
ideal one, Ze, to 
carry electric current 
as far into the mine 
as is convenient or 
safe, and at this point 
to drive a plant 
for supplying com- 
pressed air to the 
drills, cutters and 
pumps. In this way 
great loss of power 
due to distance is avoided, while at the same 
time the percussive form of drill, so efficient 
in rock boring, is retained. 

Compressors require a practically constant 
torque or turning moment in the motor, and 
the speed variation required is usually small. 
If direct-current distribution is adopted, it is 
generally best to have compound motors and 
to vary the speed if necessary by means of a 
rheostat in the field current. An excellent 
air compressor, suitable for this work, is 
shown in Fig. 3. This is made by the Inger- 
soll-Sergeant Drill Company, London. It is 
a compound engine with piston inlet cylinders, 
made to give from 81 to 1205 cubic feet 
of free air per minute. Compressor and 
motor being mounted on same base, accurate 
alignment is obtained. The machine is 
entirely automatically controlled for the 
varying air requirements, a special air-pres- 
sure controlled self-starting device being used. 

Another compressor made by Messrs. 
Reavell and Co., Ipswich, is shown in Fig. 4. 
This is a direct-coupled double-ended com- 
pressor. Gears are dispensed with, and a 
highly efficient and compact machine is thus 
obtained, very suitable for underground use. 


ELECTRIC CoaL CUTTERS AND ROCK 
DRILLS. 


It may be said that it is only in recent 
years that mechanical coal cutters have taken 
the place of hand holing to any appreciable 
extent, and in this country we are far behind 
the United States in this respect. In the 
latter country about 28 per cent. of the total 
coal production is machine mined; in the 
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Fic. 6.—PrAN OF Low ТҮРЕ ELECTRIC Coal. CUTTER. 


British Isles, less than 2 per cent. of the total 
output is produced by machines. As more 
than half of the coal cutters are operated by 
compressed air, it will be seen that the 
electrical coal cutter is not yet by any means 
well established. Outside this country it is 
practically unknown. 

Coal cutters are of various forms, according 
to the purposes for which they are required. 
For the driving of roads or headings, pick or 
puncher machines are employed, but these 
are generally operated by compressed air. 
For this work also, chain heading, shearing, 
and channelling machines are in use. On 
longwall faces rotary disc machines are most 
common, but since the advantages of electric 
power for coal cutting have been recognised, 
revolving bar and revolving chain cutters 
have been used with considerable success. 

We propose to describe shortly the mode 
of working of each of these types of machines. 

In a rotary disc machine, the knives or 
cutters are arranged on the periphery of the 
wheel, connected by gearing to armature shaft 
as shown in Fig. 5; the coal is cut as the 
wheel revolves, and the machine moves 
slowly along the face. Longwall machines 
are always self-propelling, being provided 
with a small drum and rope, the latter being 
passed round a post some distance along the 
face, and coiling on the drum when the 
machine is at work, at a speed regulated by 
the speed of the cutting wheel. In most 
cases the wheel clears itself and is arranged to 
cut quite level with the floor; but it may be 
raised to cut midway in the seam, or even on 
the top of the coal. The machines run either 
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on rails, sledges, or on the hard 
floor of the mine, being guided 
in their journey by ropes or 
posts. Electric cutters weigh 
up to 3,500 lbs., are worked at 
voltages of 500, 250, or 220, 
with motors up to 25 h.p. 
Height, about 20.inches, but 
less in thin seams ; length, 6 to 
8 feet; width, 36 to 38 inches. 
Depth of holing, 3 feet to 6 feet 
6 inches, or 7 feet; height of 
holing, 4 to 6 inches. 

Fig. 6 shows an electric long- 
wall cutter made by Messrs. Scott and Moun- 
tain. 'The machine, with its enclosed motor, 
is specially designed to resist firedamp and 
mechanical damage. The overall dimensions 
of the machine are as follows : — Length over 
frame, 7 feet 6 inches; width, 3 feet 3 inches; 
height from rail, т foot 2 inches. Total 
height from floor to top of machine, with 
rails, т foot ro inches; with skids, І foot 
8 inches. ‘The machines are arranged to 
undercut 3 feet 6 inches, 4 feet 6 inches, or. 
5 feet 6 inches. The frame is made іп one 
piece, being a solid steel casting, and is 
specially designed to present as smooth a 
surface as possible. All the working parts 
are totally enclosed, the motor and gear with 
cast steel covers and the remainder with sheet 
steel plates readily removable. The motor 
for standard machines is of 25 nominal horse- 
power, capable of developing 40-brake horse- 
power for short periods, and of giving the 
fullrated horse-power continuously without 
undue heating or sparking. ‘The brushes are 
arranged so that no change in position is 
required, and carbon block brushes are used 
in a special radial type of brush-holder. The 
construction of the armature is such that the 
windings cannot be displaced or injured by 
vibration, which is a most important point. 

A revolving bar may be substituted for a 
circular disc (Fig. 7). This -bar, standing 
out at right angles to the machine, has cutters 
upon it, and these cut the coal as the bar 
revolves, the clearing being accomplished by 
a slight backwards-and-forwards movement of 
the bar. It is very properly claimed that by 
reason of its higher speed this is the most 
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Fic. 7.—‘ PICKWICK” REVOLVING BAR CUTTER. 


suitable form for driving by electricity, gearing 
for only a single reduction in speed being 
necessary. It is probably best in ordinary 
circumstances to drive these machines by 
direct current ; but if the adoption of alterna- 
ting current is determined upon, a low 
periodicity, not exceeding thirty cycles per 
second, is preferred. The limitations in 
respect of diameter, speed of rotation, and 
complete enclosure of motors, are incom- 
patible with the best design in alternating 
current motors for higher periodicities. For 
large bar machines no difficulty is met with if 
the periodicity does not exceed thirty cycles 
per second, but for the smaller sizes the use 
of alternating current is almost impracticable ; 
and in this case, if the supply is alternating, 
it is necessary to interpose rotary converters, 
or motor generators to transform to direct 
current. 

For heading, channelling and shearing 
machines, polyphase current is particularly 
suitable, as there is always ample space, and 
machine and motor need not be restricted 
in size. Heading and shearing machines are 
chiefly used in the driving of roads, where it 
is not necessary that they shall move along 
the face of the workings as they are cutting, 
the former being used for under-cutting, and 
the latter for cutting the side of the roadway. 
The heading machine makes its cut straight 
to the front. A good example is the Jeffrey 
electric header (Fig. 8). Shearing and 
slotting machines for cutting the sides of 
roadways are now often used. This work 
may be done by a percussive drill or a 
channelling machine, but the action of a 
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shearing machine is quite different from the 
action of either of these. 

So far it cannot be said that there is a really 
efficient electric drill. For the hard work of 
rock-boring a percussive action is preferable, 
but electricity does not lend itself so easily 
to this as to the rotary form of movement, 
and this probably accounts for the lack both 
of a powerful rotary drill, on the one hand, 
or an efficient percussive one, on the other. 
For this reason, where much drilling has to be 
done, and electric power is already available, 
it is found advantageous to have a small 
electrically-driven air-compressor, as des- 
cribed already, at a suitable point in the 
workings, and of sufficient capacity to drive 
three or four percussive pneumatic drills. In 
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the September number of TECHNICS an in- 
teresting drill is described, made by the 
Denver Engineering Company, in which air, 
compressed within the drill itself, actuates a 
small piston, which in its turn strikes the drill. 
For many reasons this is an excellent idea, 
and only one drawback is to be feared, viz.. 
that the addition of the motor will increase 
the weight of a machine which must already be 
quite heavy enough. But ever this drawback 
is far less serious than many inseparable from 
the use of electric rotary drills; it is a com- 
mon occurrence when using the latter to have 
armatures fused and other serious breakdowns, 
caused by a sudden increase in the resistance 
due to the drill entering exceptionally hard 
bands of ironstone or other hard strata. 


A PERTINACIOUS CURRENT. 


N Friday, March 25th, Sir Oliver 
Lodge delivered an interesting lec- 
ture bearing the above title at the 
Royal Institution. A “pertinacious” 

current may be defined as a continuous and 
unidirectional current at a very high voltage. 
Such a current can, of course, be produced 
by a sufficient number of cells (secondary or 
primary) ; but these are expensive, and 
troublesome to keep in order. А continuous 
current dynamo of sufficiently high voltage 
can scarcely be constructed, on account of the 
difficulty of insulating the commutator seg- 
ments. The current in the secondary of an 
induction coil is unidirectional but inter- 
mittent ; 1f means could be devised to render 
such a current continuous, we should obtain 
a “pertinacious” current. If we wish to 
collect electricity in a battery of Leyden jars 
connected across the secondary terminals of 
an induction coil, an electrical non-return 
valve is needed to prevent the electricity from 
flowing back through the secondary of the 
coil during the interv-ls between the electro- 
motive impulses. Sir Oliver Lodge has 
found that a vacuum tube of special con- 
struction can act as a non-return valve of the 
kind required. The electrons shot off from 
the kathode of a vacuum tube clear the 
“ Crookes dark space" of everything but 
themselves; consequently they may prevent 
the positive ions derived from the anode from 
reaching the kathode. As a consequence, it 
often happens that a vacuum tube of unsym- 
metrical form has different conductivities 
according to the direction of the discharge 
through it. If a V-shaped vacuum tube has 


a kathode at the bottom facing up one of the 
legs, while the anode is at the top of the 
other leg, then the electrons emitted by the 
kathode will not interfere with the positive 
ions from the anode, and the tube will con- 
duct readily; if the direction of the current 
is reversed, the electrode at the top becoming 
the kathode, then the electrons from this will 
sweep the leg in which it is situated clear, 
and the tube will cease to conduct. Hence 
such a tube can act as an electrical non-return 
valve, allowing a current to pass in only one 
direction ; if sucha tube is suitably connected 
in series with a battery of Leyden jars across 
the terminals of an induction coil, a continuous 
high-pressure current can be obtained from 
the jars. In an ordinary vacuum tube, how- 
ever, the conductivity steadily diminishes with 
use; the gas in the tube appears to be des- 
troved by the electrons. It is therefore 
preferable to use a vacuum tube containing 
vapour (such as that of mercury) which can 
be renewed when required. Sir Oliver Lodge 
uses a cylindrical tube placed in a vertical 
position; at the top of this 1s an iron electrode, 
while mercury in the lower end of the tube 
serves as the other electrode. "The outside 
of the tube is wrapped round with tinfoil as 
high up as the surface of the mercury ; this 
tinfoil 1s connected to the upper electrode by 
a wire. When the mercury forms the kathode, 
the electrons emitted by this are deflected 
toward the sides of the tube, and thus offer 
по opposition to the positive ions; when, 
however, the upper (iron) electrode becomes 
the kathode, the electrons from it stop the 
passage of the current. 
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By BRYSSON CUNNINGHAM, B.E., Assoc. M.Inst.C.E. 


ONCRETE is the name 
applied to an artificial com- 
bination of various mineral 
substances which, under 
chemical action, become in- 
corporated into a solid mass. 
Such is the common, and 

all but universal, signification of the word. 
There are, however, one or two compositions 
of comparatively trifling importance which 
receive the same appellation, though differing 
fundamentally from true concrete, their 
solidification being quite independent of 
chemical influence. These compositions 
only call for passing mention; they are: 
tar concrete, made of broken stones (Macadam) 
and tar; fron concrete, composed of iron 
turnings, asphalte, bitumen and pitch; and 
lead concrete, consisting of broken bricks set 
in molten lead. The last two varieties, with 
rare exceptions, are only used in connection 
with military engineering, such as for fortifi- 
cations and the like; and all three lie outside 
the scope of the present paper. 

Reverting to the first enunciated and most 
important (as it is by far the most prevalent) 
conception of concrete, we may particularise 
its composition by stating that it consists 
essentially of two groups or classes of 
ingredients. The first, termed the aggregate, 
is a heterogeneous mass, in itself inactive, of 
mineral material such as shingle, broken 
stone, broken brick, gravel and sand. These 
are the substances most commonly in 
evidence, but other ingredients are also 
occasionally employed, such as slag from iron 
furnaces. Burnt clay, їп any form, and 
earthenware, make admirable material for 
incorporation. 

The second class constitutes the active 
agency which produces adhesion and solidifi- 
cation. It 15 termed the matrix, and consists 
of hydraulic lime or cement, combined with 
water. 

The foregoing method of classification is 
simple and convenient, and being theoretically 
sound, it is generally adopted. It may, 
however, be modified with advantage. For 
the present it suffices, but when we come to 
discuss the proportioning of the various 
ingredients, it will be desirable to rearrange 
the groups more in accordance with practical 
purposes. 


. so ludicrous as it would appear. 


Before entering upon a detailed considera- 
tion of the preparation and uses of concrete, 
it seems fitting to allude to the fact that 
concrete is by no means a purely modern 
invention. On the contrary, it is of a very 
respectable and even venerable antiquity. 
It would be difficult to assign an exact date 
to its origin, but it certainly was in use in 
the time of the Romans and Carthaginians, 
as 15 evidenced by the remains of many of 
their harbours and other maritime works 
upon the coasts of Italy and Northern Africa. 
Yet, in spite of its antiquity, it is only of late 
years—within the last generation, in fact— 
that it has acquired the peculiar and pre- 
eminent position which it now possesses in 
structural work. Associated with steel, it 
may, without fear of contradiction, be said to 
be the most popular and useful building 
material of the present day. Not only is it 
used for a vastly preponderating proportion 
of maritime undertakings—in massive break- 
waters, dock and harbour walls and quays— 
but a wide field of usefulness is found for it 
in the construction of bridges, arches, dams, 
culverts, viaducts, roads, sewers, warehouses, 
and buildings of every description. Private 
residences are built of it, in some cases almost 
entirely. А well-known engineer relates how, 
on one occasion, he came across an, Irish 
farmer, who was so captivated with the 
marvellous adaptability of concrete that he 
practically rebuilt his farmhouse, the barns 
and stables, the pigsty апа dog-kennel, with 
the material, and then expressed regret at 
being unable to make it up into five-barred 
gates. ‘That wastwenty yearsago. Probably 
by this time the farmer has been able to make 
his gates. With the agency of ferro-concrete 
the project is quite feasible, and by no means 
Much more 
slender things than farm gates are made of 
ferro-concrete—skylight bars and louvre 
ventilators, for instance— while floor joists and 
beams, columns, bearing and sheeting piles, 
are but a few of its many and varied uses. 

Earlier concretes were manufactured with 
lime, and not with cement, as is almost 
universally the practice at present. Portland 
cement, the best and strongest of modern 
cements, was of course unknown, being only 
invented in 1824. Other and natural cements 
may have been at the disposal of the ancients, 
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but this is doubtful. Hydraulic lime was the 
main, if not the sole matrix employed. The 
inferior strength and setting quahties of this 
material may possibly account for the in- 
different popularity of concrete during the 
Middle Ages. Yet it is a significant fact that 
French and Italian engineers of the present 
day favour the use of lime for concrete--no 
doubt on account of the exceptionally 
excellent qualities of the limestones found 
along the coasts of the Mediterranean. 
Another reason for the comparatively 
restricted use of concrete in medieval times 
Is possibly to be found in the higher value 
which was then attached to æsthetic over 
purely utilitarian construction, and the 
enormous amount of time and labour 
devoted to artistic production. А Gothic 
cathedral would lose much of its impressive 
grandeur if modelled, however skilfully, in 
concrete. Nothing at the present day looks 
more pitifully meretricious and tawdry than 
elaborate and pretentious ornamentation 
executed in cement-faced concrete, pro- 
fessedly in imitation of masonry dressings ; 
and scarcely anything could be in worse 
taste. Concrete is essentially a material for 
strength, for durability, and for economy ; in 
artistic qualities it is much the inferior of 
natural stone. The most valuable of all the 
characteristics of concrete is its resistance to 
the action of fire, and this crowning attribute 
serves to emphasise the true sphere of its 
usefulness, 77s., as an inestimable structural 
material for the body of a building, but not 
for its face or ornamental] features. 

Returning now to the analytical aspect of 
the subject, it is necessary to point out that 
one of the most essential features of the 
aggregate in good concrete is cleanliness and 
an entire absence of dirt, dust, greasy matter 
and impurities of any description whatever. 
The material will preferably be sharp and 
angular, with a rough, porous surface, to 
which the matrix will more readily adhere 
than to smooth, vitreous substances. ‘The 
specific gravity of the aggregate will depend 
upon the purpose for which the concrete 15 to 
be used. For beams and lintels, a light 
aggregate, such as coke breeze from gasworks, 
is permissible, especially when the work is 
designed to receive nails. Оп the other hand, 
for retaining walls, the heaviest possible 
aggregate is desirable on grounds of stability. 

The aggregate should by no means be 
uniform in size. Fragments of different 
dimensions are most essential, so that the 
smaller material may fill ‘up the interstices of 
the larger. It is not infrequently stipulated 
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by engineers that no individual fragment shall 
be more than 4 inches across, and the material 
is often specified to pass through a ring, r4 
to 2 inches in diameter. The absolute limits 
of size for the aggregate, however, are 
determinable by a number of considerations, 
not the least important of which is the 
magnitude and bulk of the work in which it 
is to be employed. The particles of sand 
should also be of varying degrees of coarseness. 
A fine, dust.like sand is objectionable ; its 
minute subdivision prevents complete contact 
with the cement on all its faces. Another 
desideratum 1s that the particles should not be 
too spherical, a condition brought about by 
continued attrition. Hence, pit sand is better 
in many cases than river sand or shore sand. 

The matrix is almost universallv Portland 
cement, but as this material has formed the 
basis of a previous article, it is not necessary 
to dwell further upon its properties. It only 
remains to be said that the cement should not 
be used in too * hot" a condition, to which 
end it is usually spread over a wooden floor 
to a depth of a few inches, for a few days 
prior to use. By this means, the aluminate of 
lime becomes partially hydrated, and its 
activity 1s thereby modified. Roman cement 
and hydraulic lime, which may also be used 
as matrices, have been previously dealt with. 

It now devolves upon us to take into 
consideration the correct proportions of the 
various ingredients. ‘This is a most important 
matter; and it is strange, besides being 
regrettable, that, in many cases the com- 
position of concrete is settled in а very hap- 
hazard manner. It is no uncommon expe- 
rience to find specifications in which one 
part of cement is assigned to so many parts of 
gravel, sand, and broken stone, without 
apparently any systematic determination as to 
whether the sand and cement combined will 
entirely fill the interstices in the larger 
material, or whether again the sand is of the 
exact quantity required to form a trustworthy 
mortar with the cement. "These two points 
call for investigation at the outset. We shall 
therefore proceed to deal with them. 

Stated briefly, the problem before us 1s to 
determine the relative proportions of cement, 
sand, gravel and mineral fragments which go 
to form satisfactory concrete. — For this 
purpose it is desirable to rearrange our 
preliminary classification, and to restrict the 
term “aggregate” to the coarser material, 
viz., the gravel, broken stone and brick, etc., 
as the case may be. ‘The sand and cement 
may now be allied as “ mortar," and the main 
idea in the ensuing investigation will be that 
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the aggregate must be thoroughly and 
efficiently bedded in mortar, much in the 
same way as stone in ordinary masonry. It 
is necessary, however, to point out that 
concrete may be made without sand, but that 
such a modification in its composition would 
entail the introduction of a far higher pro- 
portion of cement in order to fill the greater 
vacuities among the coarser fragments. This 
method, therefore, does not lend itself to 
economical construction. 

Before going further there are two postulates 
to be made which are founded on actual 
experiment :— 

(1.) That cement and sand mixed together 
with water diminish in volume very consider- 
ably—roughly, within the limits of ordinary 
mortar, by about one-fourth of tbeir joint bulk 
in the separate, dry condition. 

(2.) That gravel and broken stone, when 
intimately combined, occupy less space than 
they do apart. This fact scarcely needs 
statement, it is almost sufficiently obvious of 


FIG. I. 


itself, for it takes very little consideration to 
perceive that much of the gravel will be 
absorbed by the vacuities in the broken stone. 
In spite, however, of the absurdity of the 
notion, not a few people seem to entertain the 
fallacy that, say, two parts of gravel and four 
parts of broken stone make six parts of 
aggregate. Such would, of course, only be 
the case if the broken stone were as small as 
the gravel, a condition which is practically 
inconceivable. It is quite possible, and far 
more likely, that there would be no more 
than four parts of aggregate. At any rate, 
the exact quantity les somewhere between 
the two extremes, and is a point to be 
determined. 

Manifestly it depends very largely on the 
relative size and shape of the component 
particles. Suppose, however, we take a 
purely theoretical, and even fanciful case, in 
which the aggregate consists of a number of 
exactly uniform spheres or globules. It ӨШ 
be found that these spheres can be arranged 
in contact with one another in four ways of 
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varying compactness. For simplicity’s sake, 
we will only take the most obvious of these, 
of which the plan and the elevation are alike 
as shown in Fig. т. If we call the radius of 
the spheres R, the volume of each is $ т КЗ = 
4°18 R3; and the solid content of the cube, a 
section of which is shown in the diagram 
= 33 x 4°18 КЗ. The volume of the cube 
itself is (6 R)? = 216 R?. Therefore, empty 
space — " 

_ 27 X 4°18 К? 

dii ( i 216 R? 

cent. of total space. 

Now if the vacuities between the spheres 
be occupied by smaller spheres (7 = o: 732R) 
which just touch the surfaces of the larger 
spheres (Fig. 2), it will be found that the 
percentage of empty space falls to 27°12; so 
that the solid content of the whole has been 
increased by nearly 50 per cent. without the 
least increase in volume. And this is what 
occurs, in principle, when gravel is mixed 
with fragments of broken stone (Fig. 3). 
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From the irregularity and angular nature 
of these materials, it might be supposed that 
their actual percentages of empty space would 
differ very widely from the foregoing standard. 
Yet such is not the case. The approximation 
is even so close as to be striking. Thus, the 
interstices in broken stone of large size, in 
fragments varying from 3 inches to 6 inches 
across, amount on an average to 5o per cent. 
of the gross bulk of the stone. Combined 
with gravel ranging in size from large peas to 
pebbles 2 inches or 24 inches across, the net 
vacuities may be taken at about 3o per cent. 

Having settled these preliminaries, we may 
now devote ourselves to determining the 
proper proportion (a) sand to cement and (7) 
mortar to aggregate. 

The first point is settled by judgment and 
experience, the second by computation. 
Portland cement will take a larger proportion 
of sand than either Roman cement or 
hydraulic lime ; but with the larger ratios of 
sand, its tenacity is, of course, correspond- 
ingly reduced. One part of cement to four 
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FIG. 5. 


parts of sand should therefore be -looked 
upon as the upper limit, while for the 
strongest mortar the proportion need hardly 
exceed one part of cement to one and a half 
or two parts of sand. In the ensuing calcu- 
lations we shall strike a mean, and assume a 
ratio of one to three. For impermeability, 
the proportion of one to two should be ob- 
served, and for Roman cement this proportion 
should never be exceeded. The ratio will 
even advantageously be limited to 2: 3. 
For hydraulic lime equal parts of sand and 
cement are suitable, though two parts of sand 
to one part of cement may be used. 

The quantity of mortar required in refer- 
ence to the aggregate is based on the vacuities 
in the latter. For any particular aggregate 
the amount of empty space may be deter- 
mined by filling a tank of known volume with 
the minerals and then adding sufficient water 
to bring to a level surface. The volume of 
water added (provided, of course, the aggre- 
gate be impervious or previously saturated) 
gives the net volume of mortar required. 
To this, however, it is necessary to make 
some addition (say то per cent. of the whole), 
in order to ensure the thorough flushing of 
every part of the work. 

Assuming that the proportion of interstices, 
as previously indicated, is 30 per cent., and 
adding ro for the reason just stated, we 
derive 40 parts as the quantity of mortar to 
тоо — IO = 9o parts of the aggregate. Ап 
allowance of one-fourth volume for shrinkage 
brings the volume of the dry materials (Sand 
and cement) of the mortar to до + 4 = 531 
parts, which, divided in the ratio of I to 3, 
yields :— 


ML 
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Cement | 134 parts 

Sand i x 533 = . 40 » 

Aggregate . . . go ,, 
Total ТА, uu 


As the resultant concrete is тоо parts, the 
total shrinkage is 30 per cent. Expressed in 
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terms of the cement, the concrete: would have 
a composition of 1 cement, 3 sand, 7 gravel 
and broken stone, and it would form, 
approximately, what is commonly known as 
7 to I concrete. 

There are, of course, other ratios depend- 


ing on the proportion of sand. ‘Thus we 
have :— 
Cement. Sand. Aggregate. 

I 1] 0. A4 

1 2 5 

1 25 6 

I 3 7 

I 35 73 

I 4 81 


The cost of concrete may be very materi- 
ally reduced without affecting the strength or 
efficacy of the work, by a plentiful use of 
stone “plums” or “burrs.” These are 
bedded in the fluid concrete during its 
deposition zz sifu, but care must be taken to 
see that they are thoroughly surrounded by 
mortar and not in contact with each other. 
Furthermore, if they are of a porous nature, 
they should be wetted well before use. 

The mixing of concrete is an important 
matter. If done by hand, the materials 
forming the aggregate will be laid out on a 
platform of deals and covered by the cement 
in a thin layer. The whole should be turned 
over thrice in the dry state, and as many 
times wet, before depositing, in order to bring 
about thorough and complete amalgamation. 
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Fic. 6.—BREAKING STRESS OF CONCRETE FROM 
A LIVERPOOL DOCK-WALL. 


Once mixed, the concrete is to be deposited 
immediately and allowed to remain undis- 
turbed until the action of setting is finished. 
Deposition should be effected, wherever 
possible, without tipping from a height of 
more than about six feet, as in greater falls 
there is a likelihood of the heavier portions 
of the aggregate separating from the lighter. 
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Fic. 7.— BREAKING STRESS OF CONCRETE FROM 
VyRNWY DAM. s 


In extensive undertakings, concrete is more 
economically mixed by mechanical appli- 
ances. 

The water used for mixing may be either 
salt or fresh, so far as the strength of the con- 
crete is concerned.: But for surface work 
above the ground level, salinity in any of the 
ingredients is objectionable since it tends 
to produce efflorescence—an unsightly, floury 
deposit, difficult to get rid of. . The quantity 
of water required cannot be stated with 
exactitude ; it will depend upon the propor- 
tion of the aggregate and its porosity. It is 
best determined by experiment in each par- 
ticular case. Without being profuse enough 
to “ drown” the concrete, it should be plenti- 
ful enough to act as an efficient intermediary 
between every particle of the aggregate and 
every particle of the matrix. Insufficient 
moisture is, in fact, as deleterious as an 
excess. 

The matter is a contentious one, and it has 
been the subject of considerable divergency 
of opinion. There are well-known authorities 
who advocate a very sparing use of water, and 
who recommend the treatment of concrete by 
continuous beating, so as eventually to cause 
moisture to appear upon its surface, in the 
same way as it appears upon the surface of 
damp sand under similar treatment. The 
process, however, is tedious and expensive, 
and it is not apparent that the results are 
altogether commensurate with the trouble 
taken to obtain them. No doubt the com- 
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. SHEARING STRENGTH OF CONCRETE, AND NATURE OF FRACTURE UNDER SHEARING STRESS. 
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pressive strength of such concrete is high, 
but, in the majority of cases, the lower value 
attained without any elaborate operations is 
serviceable enough at a much less cost. 
Then, again, itis a difficult matter to gauge 
the exact minimum of water required, and 
any undue paucity fails to produce that 
thorough chemical action which is essential 
to soundness and durability. Cases have 
occurred in which the insufficiently hydrated 
particles of cement have been washed out of 
the pores of the concrete at a later stage when 
exposed after induration to the action of 
running water, thus leaving the work in a 
honeycombed and pervious condition. The 
writers experience has been that a well- 
watered concrete, of the viscous consistency 
of honey or treacle, yields an excellent 
material, sound, durable and hard, answering 
all the exacting requirements of maritime 
engineering work. 

This brings us to the question of strength. 
The testing of concrete is chiefly confined to 
a determination of its compressive strength, 
the use of concrete in tension being avoided 
in sound design. The wide range of results 
obtained by experiment is evidence of the 
very variable nature of its resistance. The 
method of testing is that of making small 
cubes, from 6 to 24 inches side, and crushing 
to failure. The manner in which failure takes 
place is somewhat striking. In the majority 
of cases, the cube fractures in such a way as 
to leave а pyramidal structure, either single 
or double, as shown in Figs. 4 and 5. Some 
typical numerical results are illustrated 
graphically in the ensuing figures. "The set 
in Fig. 6 relate to concrete used at one ofthe 
Liverpool docks ; the blocks, the surfaces of 
which were somewhat rough and not specially 
prepared for the testing machine, contained 
eight parts of gravel and sand to one of 
cement. "There can be no doubt that with 
specially prepared surfaces much higher results 
would have been obtained. The set in Fig. 7 
are values obtained by Professor Unwin from 
sample cubes of the concrete used in the con- 
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was six parts of gravel and broken stone to one 
of cement. The latter results are very high, 
but still higher records afford conspicuous 
evidence of the careful and systematic manner 
in which the work was punned and consoli- 
dated. Of blocks cut out of the hearting of 
the actual structure, at different depths and 
therefore of different ages, the lowest resist- 
ance to cracking under compression was 
184°4 tons per sq. ft. in the case of a block 
about nineteen months old, and the highest 
was 329°5 tons per sq. ft. in the case of a 
block two years old; while the mean resist- 
ance of nineteen blocks, between one and 
two vears old, was 263 tons per sq. ft. 

The effect of testing concrete in shear in a 
few experiments is shown in Figs. 8 to rz, as 
also the lines of fracture. The dimensions of 


the blocks tested were 9 in. by 12 in. by. 


12 іп. The result obtained in the first case 
is very low and possibly due to some latent 
imperfection. | 
Concrete has also been tested, in certain 
instances, in regard to its transverse strength. 
These results, reduced to their equivalent 
values for a beam twelve inches square in 
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Proportion of Aggregate to Matrix 
Fic. 12. —TRANSVERSE STRENGTH OF CONCRETE. 


cross section and twelve inches long between 
supports, are exhibited in Fig. 12. The 
weight given is the breaking load applied 
centrally. 

In dealing with concrete it cannot but be 
conceded that there are quite a number of 
practical points, relating to its adaptability to 
various situations, which would have called 
for notice, had it been feasible to discuss the 
subject at greater length. "The foregoing 
observations, however, will suffice to cover in 
a general way the very many interesting 
issues which lie within the range of a topic of 
such widespread importance. 


THE CLASSICS versus SCIENCE. 


HE HON. JOHN COLLIER con- 
tributes an interesting article on 
the above subject to the April 
number of the Cornhill Magazine. 

He contends that the ordinary school is for 
the ordinary scholar ; that the ordinary 
scholar has no aptitude for classical studies, 
and therefore derives no benefit from these, 
and never reads a classical author after leaving 
school; and finally, that the average scholar 
is by no means a fool, but is capable of 
deriving benefit from scientific and. technical 
studies. He quotes the utterance of an 
eminent headmaster, who says :-— 

“Т would undertake to tell whether a form 
were ‘science’ or ‘classics,’ without previous 
warning, by their manner of entering a class- 
room, their speech, and, I think, even by 
their appearance." 


On the other hand, the Japanese some 
years ago, sent some of their keenest intel- 
lects to Europe, in order to determine the 
reasons for the superiority of Europeans. 
“They examined into the art, the literature, 
the religion, and the science of Europe, and 
came to the conclusion that it was the science 
alone that conferred the superiority, and it 
was the science alone that they brought back 
to Japan. With its aid they made themselves, 
in an incredibly short space of time, one of 
the most efficient nations in the world. 
It may be owing to this dearth of the 
classics that they are not (according to 
our standard) as good-looking as we are, but 
their manners are said to be quite unaccount- 
ably refined. Is it possible that we have 
attached a little too much importance to our 
fetish ?” 


THE ELECTRO-MAGNETIC THEORY. | 
Explained without the Use of the Higher Mathematics. 


Part VIII.—ELECTRONs. 


By EDWIN EDSER, A.R.C.Sc. 


HEN electric tubes of force 
move in а direction at right 
angles to their lengths, a 
magnetic field is produced ; 
if the sectional area of each 
tube is such that N tubes 
pass normally through one 

square centimeter, and if the velocity of the 

tubes perpendicular to their lengths is equal 
to 7 centimeters per second, then the mag- 
netic field H produced is equal to «Nz 

(TEcHNics, Vol. IIL, No. xvi., April, 1905, 

р. 346). If tubes of force, such as AB, 

Fig. 1, are moving with a velocity v in a 

direction making an angle with their lengths, 

then it is obvious that the component velocity 
of the tubes perpendicular to their lengths 
is equal to v sin б, and the resulting mag- 

netic field will have the value «Nz sin 6. 

Let the medium through which the tubes 
move possess unit permeability (7.2, p = 1); 
then B, the magnetic induction, is equal to 
H, the magnetising force. In these circum- 
stances the kinetic energy per cubic centi- 
meter of the medium is equal to H?/8 т; 
substituting H = «Nz sin 0, we find that the 
kinetic energy per unit volume has the value 


KN? sin? 0 D 
aT f 


Now this kinetic energy must be equal to 
one-half the mass per unit volume, multiplied 
by the square of the resultant velocity 7 of 
the tubes; hence we find that the mass (or 
inertia) per cubic centimeter of the tubes is 
equal to (x?N? sin? 0) /4т, and the mass per 
centimeter length of a single tube is equal to 
(«^N sin? 6)/ 47. 

It thus appears that the mass (or inertia) 
per unit length of a tube of force depends on 
the direction in which the tube is moving ; 
the inertia of the tube is greatest when the 
direction of motion is perpendicular to the 
length of the tube, and equal to zero when 
the tube moves parallel to its length. ‘This 
result appears, at first sight, to present an 
alarming divergence from the known pro- 
perties of moving material bodies; never- 
theless, mechanical systems can be found 
which behave in a somewhat similar manner. 


Imagine a spherical bubble of air moving 
through a liquid; the air within the bubble 
possesses an extremely small mass, and yet 
the inertia of the bubble is considerable. 
This is due to the fact that the liquid in 
front of the bubble is being pushed forward, 
while that behind the bubble is flowing up 
in its wake; the inertia (or apparent mass) 
of the moving bubble is thus made up of 
two parts, one being equal to the mass ot 
the air within the bubble, and the other 


Fic. r.—'TvBE OF FORCE MOVING IN A DIRECTION 
INCLINED TO ITS LENGTH. 


equal to the mass of the liquid carried along 
with the bubble. In this case the increase 
in the apparent mass of the bubble, due to 
the liquid carried along by it, is equal to 
half the mass of the liquid displaced by the 
bubble ; this result will be the same in what- 
ever direction the bubble moves. If, how- 
ever, we imagine a long, narrow, cylindrical 
bubble to move through a liquid, it will 
carry scarcely any liquid with it when the 
direction of motion is that of the axis of 
the cylinder ; and in this case the apparent 
and true masses of the bubble will be equal. 
If, however, the cylindrical bubble moves in 
a direction perpendicular to its length, a 
considerable quantity of the liquid will be 
carried along with it, and the apparent mass 
of the bubble will be increased by the mass 
of liquid displaced. 

I believe that, up to the present, no satis- 
factory mechanical explanation of the inertia 
of tubes of force has been given. We have 
seen that the inertia per unit length of a 
tube is inversely proportional to the sec- 
tional area of the tube—a result that would 
not hold with the bubble discussed above. 
Professor J. J. Thomson has shown that a 
vortex filament moving through a fluid in a 
direction perpendicular to its length, carries 
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a quantity of the fluid with it: in this case 
it appears that the mass of the fluid carried 
along by each vortex filament is proportional 
to the number of filaments per unit of area ; 
but the mass of fluid carried forward is 
inversely proportional to the square of the 
velocity with which the filaments are moving 
—a result which does not agree with the 
properties of a moving electric tube of force. 


MovING CHARGED SPHERE. 


Let us now investigate the properties of a 
moving sphere charged with g electro-mag- 
netic units of electricity. Let a line through 
the centre of the sphere, and parallel to the 
direction of motion, be called the axis of 
the sphere; and let the points where this 
axis cuts the surface of the sphere be called 
the poles, while a plane through the centre 
of the sphere, and perpendicular to the axis, 
is called the equatorial plane, If.the charged 
sphere were stationary, its tubes of force 
would radiate uniformly from it; let us 
assume that they still do so when the sphere 
is in motion. At a point A (Fig. 2) in the 
equatorial plane, at a distance x from the 
centre of the sphere, the electric field (force 
per unit charge) will be equal to q4/(xz?) 
(TEcnHNiCS, Vol. II., No. x., October, 1904, 
р. 362). But, by definition, the force per 
unit charge is equal to N, the number of 
electric tubes of force per square centimeter 
(TEcHNics, Vol. IL, No. xii, December, 
1904, p. 575); hence N= g/(xz?). The tubes 
in the equatorial plane will obviously be 
moving perpendicular to their lengths, with 
the velocity v imparted to the sphere ; hence 
the magnetic field (force per unit N pole) at 
A is equal to— 


а о 
к№2 c ee a (1) 

Equation (1) shows that the magnetic field 
is constant in magnitude for all points in the 
equatorial plane at a given distance 7 from 
the moving charge. If we suppose an 
electric current to flow along the direction 
of motion of the charge, the electric tubes of 
force associated with the current will move 
through the point A, just as those due to 
the positive charge carried by the sphere 
do. If the moving sphere be replaced by 
a current C flowing along a short length / of 
a conductor lying along the position pre- 
viously occupied by the axis of the sphere, 
the field at H will be equal to (C7)/7? ; hence 
we see that the moving charge produces the 
same magnetic field as a current-element 
C/ equal to gz at the centre of the sphere. 


Technics 


Further, the magnetic field at А will be 
directed upwards through the plane of the 
paper, and the lines of magnetic force will 
be circular, directed in a clockwise sense 
when looked at in the direction of motion 
of the charge. 

If a unit N pole were placed at А (Fig. 2). | 
the force acting on it would be equal in 
magnitude but opposite in direction to the 
reaction produced оп 
the moving sphere; 
hence (1) gives us the 
force acting on a sphere 
charged with 4 electro- 
magnetic units, and 
moving with a velocity 
of v cms. per second, 
when a unit N. pole is 
placed at a distance > 
from its centre, and in 
the equatorial plane 
of the sphere. The 
magnetic field H at a 
distance > from the unit 
N. pole will, of course, be equal to 1/7?; 
hence the force acting on the sphere 


Fic. 2.— CHARGED 

SPHERE CARRYING 

ITS TUBES OF FORCE 
WITH IT. 


= gv = Hgv . ж (2), 


where Н is the magnetic field at the centre 
of the sphere. Hence, if a charge g moves 
with a velocity v at right angles to a magnetic 
field Н, the force on the charge is equal, in 
magnitude and direction, to that acting on a 
current element С / = gv coinciding with the 
axis of the sphere; in particular, the force 
acting on the position charge g in Fig. 2 will 
urge the sphere downwards through the plane 
of the paper. Further, if we reverse the sign 
of either g or 7 we reverse the direction of 
the force acting on the moving charge ; if we 
reverse the signs of both g and v the direction 
of the force 1s unaffected. 

At the point B (Fig. 2) the magnetic field 
will be equal to « N vsin Ө = (gv sin 0)/7?, 
where > is the distance from B to the centre 
of the charge. | 

Let us now determine the inertia of any 
tube of force inclined at an angle @ to the 
direction of motion of the charge. Let there 
be N tubes per square centimeter at B. J‘ 
the tube were everywhere of the same 
section as at B, its inertia would be equal 
to (K?N sin 20) /4т multiplied by the length 
of the tube. However, as we pass along the 
tube away from the charge the value of N 
diminishes. At a distance 7, from the charge 
N is equal to g/(x 7,7), while at a slightly 
greater distance r, from the charge N will be 
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equal to g/(«7,?). Thus for the short length 
of the tube of length (7 —– 7), lying between 
the above limits, the average value of N may 
be taken as g/(x 7, 7), and the inertia of this 
part of the tube will be equal to— 

к sin? 0 7 X ё) 


р ^ 


2 cin? 

к? sin? 0 2 uu TNCS 
AT САТА AT 
An expression for the inertia of the next 

element of the tube, lying between the dis- 
tances 7, and 7, from the charge, сап be 
readily written down, and so on for the other 
elements of the tube. Let us suppose that 
the radius of the sphere is @ cms., while a 
tube extends to a distance R from the charge ; 
then, dividing this tube into short elements, 
writing down the value of the inertia of each, 
and adding all together, we find that the 
inertia of the tube 15 equal to— 


xg sin? 6 Є т ) 
4T а R?’ 
if R is very great in comparison with а, we 
may neglect 1/R, in which case the inertia of 
the tube will be equal to — 
k g sin? 0 
en (3) 


When the charged sphere is set in motion, 
its inertia will be increased by the inertia of 
the tubes of force which are carried along 
with it. In finding the value of this increase 
of inertia, we must first find the number of 
tubes leaving a circular strip of the surface of 
the sphere at an angle @, and then multiply 
this into the inertia of each of the tubes, given 
by (3). On performing this operation for all 
values of 6 between o and r, and adding the 
results together, we find* that the total in- 
crease in the inertia of the sphere, due to the 
tubes carried along by it, is equal to— 


24° 

EE d (4) 
Thus the inertia of the tubes of force carried 
by the sphere is proportional to the square of 
the charge, and inversely proportional to the 
radius of the sphere. 

In the above investigation it has been 
assumed that the positions of the tubes of 
force relative to the moving sphere are 
identical with those occupied by the tubes of 
force when the sphere is at rest. This 
assumption introduces no appreciable error 
if the velocity of the sphere is not very great 
in comparison with the velocity of light ; but 
for high velocities the tubes crowd up toward 


* The solution of this problem, which involves a 
simple application of the Integral Calculus, will be 
found on p. 475 of this issue. 
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the equatorial plane, so that they all move, 
as nearly as possible, in a direction perpen- 
dicular to their lengths, and therefore possess 
as great an inertia as possible. If the spheres 
were moving with the velocity of light, the 
tubes would all crowd up into the equatorial 
plane; their sectional areas would then 
become equal to zero, and their inertia would 
become infinite. Hence it appears that a 
charged sphere moving with the velocity of 
light would possess an infinite store of energy : 
it could not be stopped by any finite force, 
nor could it be set in motion with the velocity 
of light by the application of any finite force. 

The tendency of the tubes of force to 
crowd up toward the equatorial plane as the 
velocity of the sphere increases is due to the 
fact that each tube tends to set itself so as to 
possess as much inertia as possible. It has 
previously been explained that a long thin 
cylinder moving through a liquid carries a 
considerable quantity of liquid with it when 
moving in a direction at right angles to its 
length, and carries no liquid with it when 
moving parallel to its length. It is known 
that a cylinder moving through a liquid 
always tends to set itself at right angles to 
the direction of its motion ; thus, if a cylin- 
drical bullet is fired from a gun that is not 
rifled, the bullet sets itself at right angles to 
its direction of motion, and modern guns are 
rifled to prevent this action. For similar 
reasons, when a leaf or a sheet of paper falls 
through the air, it sets itself broadside on to 
the direction of its motion ; a penny dropped 
into water behaves in a similar manner, 

The principles deduced above have been 
used to explain the phenomena attending the 
discharge of electricity through a rarefied 
gas. А brief account of these phenomena 
and the results deduced from them will now 
be given. 


VACUUM TUBE PHENOMENA. 


When an electric discharge passes through 
a rarefied gas many beautiful phenomena are 
produced. The appearances presented by the 
discharge can be explained by the diagram- 
matic sketch (Fig. 3), which represents a 
closed tube in which the gas has been re- 
duced to a pressure of a fraction of a 
millimeter of mercury ; the electrodes by way 


Fic. REPRESENTATION OF 


3. — DIAGRAMMATIC 
PHENOMENA PRODUCED IN HIGHLY EXHAUSTED 
VACUUM TUBE, 
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FiG. 4.—TO ILLUSTRATE THE DISTINCTIVE FEATURES OF AN ELECTRICAL DISCHARGE IN A 


RAREFIED GAS. 


(De la Rue and Miiller.) 


Kathode (a ring of platinum wire) fo the left; anode to the right. Tube charge with hydrogen. 
Continuous discharge from battery of chloride of silver cells. 


Xs AD Sa 


of which the discharge enters the gas being 
discs of platinum or aluminium. Near the 
negative electrode (or kathode) 1s a perfectly 
dark space called the “ Crookes dark space.” 
This space extends from the kathode to a 
distance which increases as the pressure of 
the gas within the tube is diminished. The 
kathode itself is surrounded by a restricted 
luminous glow which gives the metal disc the 
appearance of being white hot. 

Beyond the Crookes dark space is a 
luminous region, sharply defined on the side 
facing the kathode, and fading off at the 
opposite side. This luminous region is called 
the “ negative glow.” 

Beyond the negative glow is a second dark 
space, called the * Faraday dark space.” This 
is succeeded by a luminous column, often 
presenting definite stratification, ‘which ex- 
tends right up to the positive electrode (or 
anode); this is called the “ positive column.”’ 
The steadiness of the stratification in the 
positive column depends on the current 
passing through the tube. Thus, when 
the stratifications are unstable, or badly 
developed, they can often be rendered 
distinct by inserting a resistance in series 


. Pressure 0*2 mm. of mercury ; 3,600 cells used. 61 blue strata in positive column. 
. Same as (a), but with 700,000 ohms in series with tube. 
Same as (2), but after the lapse of some time. 21 intensely blue strata, with a carmine line between each pair. 
. Same as (c), but with 900,000 ohms in series with tube. 
Pressure 0'518 mm. ; 2,400 cells. 19 blue, saucer-shaped strata ; at times fainter intermediate strata appeared. 


I8 pink strata. 


26 pink strata. 


with the tube. The exact appearance of the 


. positive column is shown in Fig. 4, from a 


paper by De la Rue and Miller, published 
in the Philosophical Transactions of the 
Royal Society, Part I., Vol. 169, 1878. 
Eaeh stratification is brightest and most 
sharply defined on the side facing the 
kathode, and fades away on the opposite 
side. For high pressures the stratifications 
are very numerous, each being very narrow. 
As the pressure is diminished the stratifica- 
tions become fewer and broader (Fig. 5). 
The stratifications аге often brilliantly 
coloured, and in some cases several distinct 
sets of stratifications of different colours can 
be observed in the same tube (Fig. 4, c and е). 
Sir William Crookes observed three sets of 
stratifications in a tube containing rarefied 
hydrogen, their colours being red, blue, and 
grey. Spectroscopic examination of the light 
emitted by these showed that the red light 
from the first gave the spectrum of hydrogen, 
the blue light from the second gave the 
spectrum of mercury, and the grey light from 
the third gave the spectrum of hydro-carbons. 
The dimensions of the first and second dark 
spaces, and the negative glow, are only slightly 
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FIG. 5.—To ILLUSTRATE THE-EÉFFECT OF DIMINISHED PRESSURE ON THE STRATIFIED POSITIVE 


COLUMN. 


(De la Rue and Miiller.) 


Tube contained hydrogen. 


a. Pressure 0“1204 mm. of mercury. 3,600 cells. 
4,800 cells. 


б. Pressure 0'051 mm. of mercury. 


Current 0°0177 ampere. 
Current 0*00I9 ampere. 


Notice the increase in the size of the Crookes dark space round the kathode ring, due to the 
diminution of pressure. 


affected by the length of the tube, and the 
remaining space is always occupied by the 
positive column. Fig. 6 (also from De la 
Rue and Miiller) represents a vacuum tube 
provided with a movable kathode connected 
by means of a coil of wire with the negative 
terminal of the tube. It will be seen that 
increasing the distance between the anode 
and kathode merely tncreases the length of 
the positive column, the stratifications in this 


” 


remaining uniform in dimensions but increas- 
ing in number. 

Kathode Rays.— Much attention and many 
ingenious experiments have been devoted to 
the determination of what occurs in the 
Crookes dark space. In the first place, the 
dimensions of this space increase as the pres- 
sure of the gas in the tube is diminished ; when 
the pressure is so low that the Crookes dark 
space extends to the walls of the tube, those 
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Fic. 6,—APPEARANCE OF DISCHARGE IN VACUUM TUBE WITH MOVABLE KATHODE. 
(De la Rue and Miiller.) 


Tube 56 inches long, and 1' 375 inch diameter, containing carbon dioxide. 


The kathode is shown to the left in 


eight different positions, the only differences in the effects produced being that the greater the distance betwen kathode 
and anode, the greater is the number of stratifications in the positive column, 
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parts of the glass which are reached by the 
dark space become fluorescent, emitting light 
of a colour depending on the nature of the 
glass: the light emitted by sodium glass is 
yellowish-green, while that emitted by lead 
glass is blue. Precious stones (such as the 
diamond) and the alkaline earths become 
fluorescent when placed in the Crookes dark 
space. 

If the pressure of the gas withtn the tube is 
sufficiently low, the Crookes dark’ space 
occupies the whole of the tube; in this case 
the whole of the walls of the tube become 
fluorescent. If an obstacle is placed in front 
of the kathode (Fig. 7) a well-defined shadow 
is cast on the walls of the tube. This indicates 
that the fluorescence is produced by some 
form of radiation emitted by the kathode ; 


Fic. 7.— To ILLUSTRATE SHADOW THROWN FROM 
AN OBSTACLE НҮ KATHODE RAYS. 


the name “kathode rays” has been applied 
to this radiation. It appears that the glass 
of the tube becomes “fatigued” and 
fluoresces less brightly after protracted ex- 
posure to the kathode rays. ‘The cross shown 
in Fig. 7 is hinged, so that it can be shaken 
down into a position in which it no longer 
casts a shadow ; and if this is done after the 
kathode rays have played for some time on 
the walls of the tube, the part of the glass 
previously in shadow is more brightly lumin- 
ous than the rest of the tube. Sir William 
Crookes has found that when the glass of the 
tube is melted and formed into another tube, 
the fatigue of the glass still persists. 

If the kathode has the form ofa fairly large 
disc, and a small object is placed just in front 
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of this, a fairly well-defined shadow is cast on 
the walls of the tube. This shows that the 
kathode rays are emitted normally from the 
kathode ; if they were emitted like light pro- 
ceeding from a luminous disc, no appreciable 
shadow would be cast under these conditions, 
as can easily be proved by trying to obtain a 
shadow from a small object placed near the 
flame of a bat's-wing burner. 

A stream of material particles impinging 
on a surface would exert a definite pressure 
on this. Similarly, the kathode rays exert a 
pressure on any surface on which they 
impinge ; this 15 very conclusively proved by 
the apparatus represented in Fig. 8, which 
represents a highly exhausted vacuum tube 
containing a small wheel with mica vanes, 
the wheel being capable of rolling on its axle 
along two glass rails. On exciting the tube, 
the kathode rays from the negative electrode 
fall on the upper vanes of the wheel, and 
cause them to rotate in the direction shown 
by the arrow, so that the wheel rolls from 
one end of the tube to the other. 

Sir William Crookes also found that if the 
kathode rays are allowed to fall on a thin 
piece of platinum foil, so much heat is 
produced by their impact that the foil may 
be raised to incandescence, or even melted. 

Kathode rays are deflected when they 
traverse a magnetic field in a direction at 
right angles to the lines of force. This can 
be proved by placing two metallic cylinders 
B and C, with horizontal slits in a line with 
each other, in front of the kathode K (Fig. 9) ; 
the kathode rays then cause a horizontal strip 
of the glass at P to become fluorescent. If 
we now produce a strong magnetic field in 
the space traversed by the rays after they 
have passed through the two slits, the lumin- 
ous patch on the glass moves to Q if the 
magnetic lines of force pass downwards 
through the plane of the paper. А similar 
deflection would obviously be produced in a 
flexible conductor carrying an electric current 
from right to left in Fig. 9. From the results 
previously deduced with relation to moving 
charges, a similar deflection would be pro- 
duced in a stream of positive charges moving 


Fic. 8.— To ILLUSTRATE THE PRESSURE PRODUCED WHEN KATHODE RAYS FALI. ON AN OBSTACLE. 
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from right to left, or a stream of negative 
charges moving from left to right; as the 
kathode rays obviously proceed from left 
to right in Fig. 9, we may conclude that 
if these rays consist of streams of charged 
particles, these particles must carry negative 
charges. | 
That the kathode rays do carry negative 
= charges has been proved experimentally. А 
vacuum tube (Fig. 1o) is used, which has a 
side tube containing a hollow metal cylinder 
C-with a hemispherical end provided with a 
small opening ; this cylinder is connected to 
earth by means of a wire connected to the 
terminal E. А metal sphere D is supported 


DETERMINING 


Fic. 9.— APPARATUS USED FOR 
THE RATIO OF THE CHARGE TO THE MASS OF A 
KATHODE RAY PARTICLE. 


within the cylinder, from which it is insulated ; 
this sphere is connected to a terminal F from 
which an insulated wire extends to one pole 
of a quadrant electrometer of which the other 
pole is earthed. The kathode rays from the 
negative electrode K pass through a small 
axial hole in a cylinder A, and a spot on the 
glass in line with this hole is rendered lumin- 
ous. By the use of a magnet the kathode 
rays may be deflected so as to fall on any 
required part of the tube; when they pass 
through the opening of the cylinder C and 
fall on the sphere D the electrometer indicates 
that a negative charge has been imparted to 
D. After the rays commence to fall on D 
the deflection of the electrometer at first 
steadily increases; after a time, however, it 
becomes constant. If, before performing 
the experiment, the sphere D is charged to a 
high negative potential, on allowing the 
kathode rays to fall on D the potential 
diminishes till the deflection of the electro- 
meter is the same as that finally produced 
when the charge is only imparted by the 
kathode rays. This indicates that the kathode 
rays render the gas within the tube conduct- 
ing, so that the highest potential imparted to 
D corresponds to the state in which the 
charge lost per second, owing to the conduc- 
tivity of the gas, is just balanced by the 
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charge communicated per second by the 
kathode rays. 

It thus appears that the kathode rays con- 
sist of streams of negatively-charged particles; 
it has been found possible to determine the 
speed of these particles, their masses, and the 
charge carried by each. The way in which 
these results have been achieved will now be 
described. 

Sheed of Particles, and Ratio of Charge to 
Mass.—In Fig. 9, let the charge carried by 
each particle moving from left to right be 
numerically equal to g, and let v be the 
velocity with which each charge is moving. 
If the magnetic field at right angles to the 
path of the particles has the value H, the 
force acting on each particle will be equal to 
H gv (р. 422). ‘This force will cause the 
particle to move with undiminished velocity 
in an arc of a circle, and to strike the walls 
of the tube at Q instead of P. By observing 
the displacement P Q of the luminous spot 
on the tube, the radius of curvature of the 
path of the particle can be determined. If 
this radius is equal to 7, and the mass of the 
particle is equal to m, the centrifugal force 
acting on the particle must be equal to 
тл? /r; and as this must be just balanced by 
the force due to the action of the magnetic 
field on the particle, we have 


L= .. . ($). 


'The value of v can be found as follows :— 
The tube represented in Fig. 9 is provided 
with two parallel plates D, E, placed so that 


Fic. 10. 
APPARATUS USED FOR SHOWING THAT KATHODE 
RAY PARTICLES CARRY NEGATIVE CHARGES. 


the kathode rays pass between them. Leta 
magnetic field of value H, be maintained 
only in the space between the plates, the 
direction of the field being downwards 
through the plane of the paper; this will 
tend to deflect the moving particles so that 
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they strike the tube on the same side of P as 
Q. If the plate D is charged positively and 
the plate E negatively, the electric field (force 
per unit charge) between them being equal 
to F, then the negatively charged particle 
will experience a force F4 tending to detlect 
It SO as to strike the tube on the side of P 
opposite to Q. By adjusting Н, and F the 
magnetic and electrostatic forces on the 
particle can be made to balance each other ; 
in this case the particle will still strike the 
tube at P, and 


F 
Hgv = Fg, and v = H 


Since F and H, can be accurately determined, 
the value of т becomes known; on inserting 
this value in equation (5), the value of the 
ratio g/m is determined. 

In 1897 Professor J. J. Thomson applied 
the method which has just been outlined to 
the determination of the ratio 7/m for the 
kathode ray particles in vacuum tubes con- 
taining minute traces of hydrogen, carbon 
dioxide, and air; in all cases he found the 
value of g/m to be equal to 7:7 X 10% 
Now, in ordinary electrolysis the ratio g/m 
gives us the charge carried by a gram of a 
substance; if we apply this to hydrogen, 
which will give the largest value for the ratio 
g/m, we find this to be equal to тої. We 
may therefore assume the charge carried by 
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a kathode ray particle to be about 770 times 
as great as that carried by a hydrogen atom, 
both having equal masses; or the mass of 
the kathode ray particle may be assumed to 
be only 1/770 of the mass of a hydrogen 
atom; both having equal charges. Researches 
which will be described subsequently indicate 
that the charge carried by a kathode ray 
particle is equal to that carried by a hydrogen 
atom in ordinary electrolysis: hence, it 
follows that the mass of a kathode ray 
particle is only 1/770 of the mass of a 
hydrogen atom. Many years ago Sir William 
Crookes contended that the phenomena 
observed in highly-exhausted vacuum tubes 
indicated the existence of a fourth state of 
matter—a state which comes under none of 
the titles solid, liquid, or gaseous. Professor 
J. J. Thomsons researches have given us 
quantitative evidence pointing to the exist- 
ence of this state. The small particles which 
carry the charges in the kathode rays are 
called corpuschs by Professor J. J. Thomson, 
but they are commonly known by the name 
of electrons, given to them by Professor John- 
stone Stoney. At the present time our know- 
ledge of these ultra-atomic particles is not 
solely derived from the experimental data 
previously described, but a further discussion 
of their properties must be deferred to the 
next article. 


(Zo be continued.) 


INCANDESCENCE OF GAS MANTLES. 


Н. BuwTE (Jour. Gasbeleucht. 1904, 47, 1), 
concludes from spectrophotometric experi- 
ments on light emitted at different tempera- 
tures by a series of mixtures of thorium and 
cerium oxides, that thorium oxide acts merely 
as а support for the particles of cerium oxide 
which are the true light-emitting agents, and 
rejects the catalytic theory. The cerium 
oxide is maintained at a high temperature 
in the flame owing to its distribution and to 
its being present in only small quantities ; 
its illuminating action is a consequence of 
selective radiation. V. B. Lewes (Jour. 


Gas Lighting, 1905, 89, 161) draws from his 
experiments the conclusion that thoria, on 
account of its non-conductivity, low specific 
heat and low heat-emissivity, acquires the 
temperature of the flame. Ceria, by its great 
catalytic power, localises the combustion on 
the surface of the mantle, the particles of 
ceria being raised to a higher temperature 
than the mantle. When more than r'5 per 
cent. of ceria is present, the heat-emissivity 
of the mantle 15 increased so much that both 
mantle and flame are cooled by radiation 
and the illuminating power falls. 
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Part IV. 


By HAROLD H. 


N connection with the Lanca- 
shire booster, we purpose to 
give a few details which 
cannot fail to be of interest. 
Briefly stated, the properties 
of this booster are as fol- 
lows :— 

т. It automatically and instantly compen- 
sates for all variations of the battery volts. 

2. Its action is independent of the charac- 
teristic of the main generator, and the booster 
will work with either shunt or compound 
machines. 

3. Тһе working of the booster is con- 
trolled by the main generator current, and 
not by the feeder current. 

4. The windings are easily adjustable by 
diverters and rheostats, so that the machine 
may be adjusted to the particular work that 
it is called upon to do at various parts of the 
day. 
On (3) depends the great stability of the 
Lancashire booster, in actual working. Owing 
to the fact that the working is controlled by 
the generator current, instead of by the volts 
or feeder current, the effect is to keep the 
generator current approximately steady. Any 
sudden rush of current is taken by the 
battery, while as soon as the feeder current 
goes below the output of the generator, the 
battery begins to charge up again. It is 
also possible—if desired—to arrange for the 
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generator current to vary so that an overload 
is partly taken by the generator, and partly 
by the battery. ‘This enables the battery to 
be of a smaller size, and in actual practice 15 
a very valuable property. 

It is also possible to adjust the booster so 
that it will not overcharge the battery at more 
than 200 amperes ; this has been very success- 
fully managed, as will be seen from Fig. 28, 
although the discharging current goes to 
nearly 5oo amperes. 

When the booster is working with a gener- 
ator, it is possible to adjust the ’bus-bar volts 
just as if the booster was not there, as varia- 
tions of the 'bus-bar volts are instantly taken 
up and met by the automatic action of the 
booster. It is further quite unnecessary to 
use  reverse-current circuit-breakers, even 
with compound -wound dynamos, as the 
booster works in such a way as to prevent 
any current from coming back to the bars. 
The booster can also be run with the battery 
only, to take any early morning slack load ; 
when so run, it will compensate for the varia- 
tions of the battery volts as these alter with 
the load. 

The company have recently built a large 
booster for Durban, with an output as 
follows :— 

Shunt motor running off 550 volts at 700 
revolutions per minute. The booster is 
capable of giving 360 amperes at 140 volts 


480 


continuous charging current, or 500 amperes 
at 70 volts for six hours, or 75o amperes at 
IIO volts for one hour, all of these with a 
temperature rise of 7o F. The maximum 
discharging current of this set is goo amperes 
at 70 volts for short periods, say a quarter of 
an hour. 


SPECIFICATION OF ‘TRACTION ТҮРЕ, LANCA- 
SHIRE AUro-REVERSIBLE BOOSTER. 


Field Muynets.—-The field magnets are 
laminated throughout, both magnet limbs and 
yoke being built up of high permeability 
sheet iron plates. The yoke plates are firmly 
fixed in a cast iron frame, and the magnet 
limbs are built up between brass end plates, 
and fastened in place by bolts passing through 
the yoke. This construction enables the 
ficld coils to be easily removed if necessary. 
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by distance pieces and internal air ducts in 
the core to ensure cool running. ‘The plates 
are securely keyed to a cast-iron sleeve, 
which greatly increases the rigidity of the 
shaft. “he commutator is also carried оп 
this cast-iron sleeve. Tbe windings are of 
the cylindrical barrel type. Each coil or 
bar is wound on a special former, afterwards 
taped up, and then dipped in a special in- 
sulating compound and dried. A trough of 
prepared insulation 1; next put into the slot, 
and the coil or bar slipped into position ; 
after all the conductors are in place, fibre 
strips are driven into the tops of the slots, 
and steel bands wound tightly on, and 
soldered up. ‘The bands are carried in 
recesses in the core, so that in case the 
armature touches the fields it is not damaged. 
The coils or bars are provided with a cast- 


Fic. 28.—BATTERY CURRENT RECORD, NORTH SHIELDS TRACTION STATION. 


Field Cotls.—The field coils are former 


wound, insulated with press-spahn served 
with tape, and then dipped in an insulating 
compound and thoroughly baked. Each 
coil is provided with its own terminals, so 
that no loose wires project, thus avoiding the 
danger of the latter being broken off. The 
coils are held in place by brass plates, 
enabling air to circulate freely both inside 
and outside the coil, and ensuring cool 
running and absence of sweating; very high 
insulation resistance is obtained by this 
method, eliminating the danger of the coils 
earthing if the shunt current is interrupted. 
The series coils are of bare copper strip, 
wound on edge, and taped over all. 
Bearings.—The bearingsare of the spherical- 
seated, self-oiling type, each being provided 
with two brass oil-rings, which dip into the 
well below. The pedestals are of liberal 
dimensions, and are fitted with brass oil- 
gauge and tap for running off the oil. 
Armatures.— he armatures are of rela- 
tively large diameter, with a small armature 
reaction, and are built up of thin, varnished 
plates, provided with slots to receive the 
windings, The armature 15 further ventilated 


iron support at each end to prevent oil or 
dust getting into the windings. Double oil- 
throwers are provided to prevent any oil 
leaking into the armature or frame of the 
machine. — Equalising rings are fitted on 
parallel wound armatures, and these may, 
if desired, be put on after the machine is 
erected, and electrically balanced. 

Commutators.—The commutators are built 
up under hydraulic pressure, and are made 
of hard-drawn copper bars of liberal depth, 
insulated with specialy selected built up 
mica, which wears evenly with the bars. 
Micanite is used for insulating the end 
rings. 

SAaffs.— The shafts are of the best mild 
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FIG. 29. 
To ILLUSTRATE CONSTRUCTION 
LANCASHIRE DYNAMO Co.’s BOOSTER. 


OF ARMATURE, 


FIG. 31.—VOLTAGE RECORD, NORTH SHIELDS TRACTION STATION. 


steel, accurately ground at the necks by an 
emery wheel. Special attention has been 
paid to the design, so that it is impossible 
for oil to creep to the armature or to the 
commutator. 

Brush-holders.—The brush-holders are of 
the McLeod patent type, and consist of light 
stampings in which the carbons are carried ; 
the current density on the latter does not 
exceed 30 amperes per square inch. The 
necessary pressure Is given by flat steel springs 
possessing a wide range of even pressure. 
Means are provided so that the tension can 
be readily adjusted, and a suitable flexible 
copper strip carries the current from the 
moving to the fixed part. "The holder is 
kept off the commutator when pulled back 
by the spring itself. ‘The brush-holders are 
carried by a special casting, which supports 
both ends of the steel spindle. This casting 
is covered with special insulation moulded 
on at one end, and secured in a suitable 


clamp, so that it can be readily withdrawn 
from the machine. The brushes cover the 
whole width of the commutator, and can be 
readily adjusted in this direction by the 
clamp. High-class carbons only are used. 

Моѓоғ. — The motor is built to the same 
specification as the booster, with the excep- 
tion of the field magnets, which are of high 
grade cast steel fitted with laminated pole 
shoes. 

Guarantee.--Should any defect occur in 
the machine within the period of twelve 
months after leaving the works, due to 
defective design, materials, or workmanship, 
the makers undertake to repair and make 
good the defect at their own expense. 

. The construction of the armature will 
readily be understood from an inspection of 
Fig. 29, from which will be seen the excellent 
oil-throwing arrangements, and other good 
features, which characterise the work turned 
out by this firm. The general arrangement 


Fic. 32.—DIAGRAM OF LANCASHIRE DYNAMO Co.'s BOOSTER. 
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. One 75-ampere single pole quick-break switch and fuse. 


p--------4--4 


One recording ammeter, having a range of 350-0-350 
amperes. 

One booster voltmeter, having a range of 150-0- 150 volts. 

One main ammeter, with a range of 350-0-350 amperes. 

One main voltmeter, with a range of 300-0-700 volts. 

One 25o-ampere circuit breaker. 

Two Chamberlain and Hookham type meters for 250 
amperes. 

One 250-ampere single pole quick-break switch. 


One regulator. 
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FIG. 33.—STANDARD BOOSTER PANEL, 
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LANCASHIRE DYNAMO Co. 


. One field regulator and shunt breaking switch. 


One 250-ampere single pole change-over switch. 
. One field regulating switch. 
. One motor starter. 


. One three-way voltmeter switch. 
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One two-way voltmeter switch. 

One 75-ampere single pole quick-break switch. 
One single pole change-over switch. 

One 252-атре:е single pole ** No Arc" fuse. 
One 75-ampere single pole ‘‘ No Arc" fuse. 


of this set is shown in Fig. 32; and the little difficulty in reducing this to the ele- 


standard switchboard panel 


At first sight this diagram appears to be 


in Fig. 33. 


very complicated, but the reader will have 


mentary form shown in Figs. 25 and 27. 
The curves given in Figs. 28, 3o, and 31 
are from the North Shields traction station, 


апа illustrate very clearly the proper- 
ties of the machine. 

The Thury Booster.—Vhis booster 
differs considerably from those of 
other makes; the armature is of the 
channelled core type, having channels 
about three millimeters deep, semi- 
circular in shape, each channel 
receiving ore wire only; the con- 
ductors are held in position by driving 
horns. It is claimed that this con- 
struction prevents sparking under 
working conditions, and also assists 
the booster to answer instantaneously 
to the heavy and sudden load-varia- 
tions on the line. ‘The field coils are 
tangential to the armature, the winding 
of which 15, as already stated, placed 
as near as possible to the periphery ; 
the field iron is reduced to a minimum, 
which considerably lessens the mag- 
netic inertia, thereby ensuring prompt 
action of the booster. 

The set consists of a shunt- 
wound motor fed from the "bus-bars, 
directly coupled to a differentially 
excited booster; the series coils 
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FIG. 34.- 


of the latter are in the charging circuit, and 


the shunt coil is in circuit across the 


Bus Bars 


battery 


terminals. 


с 
ond 


THURY BOOSTER. 


— = 


-AUTOMATIC PRESSURE REGULATOR, USED WITH 


The construction of the auto- 
matic pressure regulator in series with the 


+ 


Fic. 35.—To ILLUSTRATE THE CONNECTIONS FOR THURY BOOSTER, LEICESTER TRACTION STATION. 


Booster voltmeter, with a scale reading 


moo 


resistance. à 
Double-pole, three-way switch. 
Series diverter for the booster. 


Rotation cut-out. 

Shunt. 

Motor for automatic pressure regulator. 
Automatic pressure regulator, 

. Booster commutators. 

Double pole charge-over switch. 
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Motor ammeter, having a range of 7о-о-140 amperes. 
Battery ammeter, having a range of 450-0-800 amperes. 
Voltmeter, having a range of 150-0-600 volts. 

75-0-150 volts. 
Adjustable solenoid resistance, borates with a permanent 


. Diverter for the compound winding of the main generators. 


Fixed solenoid of automatic pressure regulator 
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Moving solenoid of automatic pressure regulator. 
Permanent resistance in series with the solenoids. 


Solenoid fuse. 
Excitation fuse. 
Excitation switch. 
Regulator motor fuse. 
Regulator motor switch. 


. Battery fuse. 


Battery. 

Three-way voltmeter switch. 
Starter for booster motor. 
Switch for booster motor. 
Fuse for booster motor. 
Battery switch. 

Shunt regulator for motor. 


Motor for driving the booster. 
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shunt winding of the booster is shown in 
Fig. 35. The apparatus is based on the 
principle that with the drop or rise of pressure, 
resistance is to be cut out or inserted in the 
excitation circuit of the generator. The 
controller of the apparatus is a “click” 
device, operated by means of solenoids. In 
the case of an abnormal voltage, the click 
device acts on a toothed wheel, which rotates 
the switch arm of the shunt regulator back- 
ward or forward by means of a small electric 
motor running at constant speed. When the 
suspension spring of the click work is exactly 
balanced by the solenoids on normal pres- 
sure, the click escapes from the toothed 
wheel, leaving the same motionless with the 
switch. The sensitiveness of the controlling 
devices can be regulated by means ofa screw. 
To illustrate the sensitiveness of the appara- 
tus, it may be stated that it can complete the 
full regulation from no-load to full-load in 
fifteen to twenty seconds, and this speed can 
be doubled if required. 

This construction of automatic pressure 
regulator embodies many advantages, fore- 
most amongst which may be mentioned :— 

I. А very exact regulation is obtained, 
independently of the mechanical power 
necessary to move the regulating gear. The 
power required is very small, the standard 
size being one-tenth horse-power motor. 

2. The switch-arm, controlled by the 
toothed wheel, always covers the whole con- 
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its own commutator. The commutators ate 
fixed at each end of the armature core, and 
by means of a double pole change-over 
switch the two windings may be connected in 
series or in parallel, the former arrangement 
being for charging, and the latter for dis- 
charging the battery. The current density in 
the armature windings 1s about 2,600 amperes 
per square inch. 

The automatic operation of the booster is 
as follows : —1f the external load be less than 
the normal, the excess power of the main 
generators is utilised for the battery charge. 
For this purpose the differentially excited 
booster adds its voltage to that of the dynamo, 
and so allows a charging current to pass into 
the battery. If the external load is equal to 
the normal output of the main generators, the 
excitation due to the differential winding 15 
nothing, and there is neither charge nor dis- 
charge. When the external load rises above 
the normal output of the main generators, the 
extra current passes through the series wind- 
ing, overpowering the shunt, and the booster 
adds its voltage to that of the battery, and so 
the latter discharges. The three-way switch 
F(Fig. 35) will permit the following opera- 
tions. In one position it allows the series 
winding to be used ; in the second position 
it short-circuits the series compound winding; 
and in the third position it short-circuits the 
booster entirely. In short-circuiting the 
series winding, neither the output nor the 
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tact surface, intermediate positions being 
impossible. 

3. The controlling arrangement 15 based 
on the action of a solenoid, which is the most 
simple device, acting quickly, and with per- 
fect ease. 

4. The regulator permits the voltage to be 
kept constant within limits of a half of one 
per cent. of the mean value. 

Returning to the booster itself, we see from 
Fig. 35 that a double-wound armature is em- 
ployed, and that each winding is connected to 


speed will be varied ; the only object of the 
compound winding is to compensate for the 
small space of time allowed for regulating, 
when the variations of the load on the line 
are extremely sudden. | 
The booster in the Leicester traction 
station is designed for a current of 250 
amperes at 130 volts when charging, and 
600 amperes at 70 volts when discharging. 
The efficiency of the motor at full load is 
89 per cent. ; on discharge duty the booster 
has an efficiency of 86 per cent., and 86 per 
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cent. on charge. The combined efficiency 
of the set is 81 per cent, and after a six 
hours' run at full load, the temperature rise 
does not exceed 7o°F. The machine 15 
capable of dealing with a 25 per cent. over- 
load at any pressure between 20 and 70 volts, 
and delivers the above-mentioned currents 
at any pressure between zero and the 
maximum. The normal speed of the motor 
is from 650 to 700 revolutions per minute on 
а 500-volt circuit. The booster armature 
has a diameter of 575 millimeters, and. net 
iron length of 22 millimeters. ‘The net 
weight of the set is about 6700 kilograms. 

'The illustration at the head of this article 
shows the arrangement of the set, and in 
Fig. 36 we give an outline drawing with 
overall dimensions. 
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The battery consists of 240 cells of the 
standard "Tudor pattern (type No. 413 H. F. 
19). It is capable of giving 270 am- 
peres for three hours, 36o amperes for 
two hours, 630 amperes for one hour, and 
9oo amperes for short periods. The cells 
are contained in lead-lined wood boxes 
resting on glass oil-insulators; the stands 
are made entirely of best pitch pine, 
painted with three coats of acid- proof 
paint, and no metal fastenings of any sort 
are used. ‘The stands are supported gon 
large porcelain oil-insulators to ensure perfect 
insulation of the whole battery from earth — 
a point of considerable importance with 
the high voltage in use at the present day, 
especially as either one pole or the middle 
Wire is usually earthed. 


(To be continued.) 


ALTERNATING AND POLYPHASE CURRENT 
PROBLEMS. 


Parr I.—INDUCTANCE. 


By ELLIS H. CRAPPER, M.I.E.E. 


N continuous current working 

the current traversing a 

circuit is directly propor- 

tional to the impressed 

voltage and inversely pro- 

portional to the resistance 

of the circuit ; it follows that 

the drop in volts which accompanies the 
continuous transference of a constant quantity 
of electricity along a conductor is given by 
the product of the current in amperes and 
the resistance in ohms. If, however, alter- 
nating currents are employed, the drop in 
volts is given by this product only when the 
circuit is non-inductive. In most cases the 
drop in volts which occurs when an alternating 
current traverses a circuit is greater than when 
a constant current of equal strength traverses 
the same circuit, and the circuit is then said to 
be inductive and to possess inductance, as well 
as resistance. Zuductance may be defined as 
that property of a circuit by virtue of which 
an E.M.F. of self-induction is set up in the 
circuit when the current traversing it 15 
changing in magnitude ; this induced E. M.F. 
reacts оп the current tending to oppose the 
change in the strength of the current. When 
alternating currents of a definite frequency 


traverse such circuits only part of the impressed 
pressure 15 utilised to overcome the resistance 
of the circuit, the remaining portion being 
required to neutralise the E.M.F. of self- 
induction set up; the impressed E.M.F., in 
fact, is split up into two components corres- 
ponding to the parts mentioned, termed 
respectively the power Е. М.Е and the 
reactive E. M.F. From first principles it 15 
obvious that the magnetic flux linked with 
the conductors forming the circuit will be 
of the same character as the current, hence 
the inductive action, according to the principles 
of electro-magnetic induction, results in the 
reactive component being in quadrature, /.e., 
has a phase relationship of go” with the 
power component, the one being a maximum 
when the other is zero. The actual effect. of 
inductance is twofold: (1) it increases the 
obstruction offered to the passage of electricity, 
and (2) it gives rise to a phase displacement 
between the current and the impressed 
E. M.F. 

The practical unit of inductance is the 
henry, and its symbol is L. Zhe henry ts 
defined as that inductance which gives rise 
to ап E.M.F. of self-induction of one volt 
when the time rate of change in the current 
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is one ampere per second, and. algebraically 
we have 


where Ё, is the E. M.F. of self-induction ; and 
in alternating current working, when the 
virtual value of the current is I amperes, and 
the frequency ts f periods per second 

E, = 27/f LI volts. 

These remarks refer to the elementary 
pripciples of alternating current working 
which are fully dealt with in most text-books 
on alternating currents, and are only included 
in these notes so as to form an introduction 
to the determination of the inductance of a 
single-phase transmission line of considerable 
length. 

PROBLEM І. Detirmine the inductance of 
a loop formed by two indefinitely lone parallel 
line wires, each of radius r cms., fixed at an 
inferaxial distance d cms. apart in а medium 
of unit permeability. 


АП single-phase overhead transmission 


circuits comprise two wires separated by a 
distance (which is great enough to avoid con- 
tact due to sag or movement, and to ensure 
the required degree of insulation) ; they form 
a loop and enclose such an area that the flux 
linked with the conductors may be consider- 
able, and, since it is alternating in character, 


it gives rise to a correspondingly large 
inductive drop. Let A and B (Fig. 1) 
represent the two wires. The inductance of 
such a system 1s, by definition, given by the 
E.M.F. of self-induction set up by unit rate 
of change in the current, and the inductance 
L of a given length / cms. in either wire will 
be constant so long as the permeability of 
the medium is constant, since the variation 
in the induction only depends upon the time 
rate of change of the current ; thus to calculate 
L it is only necessary to determine the total 
flux in the loop linked with a current whose 
time rate of change is unity. Let us consider 
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the wire A. The flux linked with A is partly 
external to the wire, and partly within its 
substance, consequently the flux may be split 
up into two portions, ге. (1) the external 
Пих, and (2) the internal flux, and it tends to 
simplification to deal with each separately 
in the determination of L. 

Dealing with the external portion first, 
and using c.g.s. units, we have as the 
measure of the intensity of the magnetic ficell 
(lines per sq. cm.) at any point P, due to a 
constant current I traversing the wire A, th: 
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conductor 


ratio of the magneto-motive force to the 
reluctance of the path of the flux, or 
p = 471 = 2 1 
2тх х 
where x, which is greater than r, is the 
radial distance O P from the centre of the 
wire A. Now to obtain the time-rate of 
change in the flux, linked with each centimeter 
of the conductor when an alternating current 
is used, let us consider the flux between the 
two vertical planes, one centimeter apart, as 


shown in Fig. 2. And since H, = 2-, the 
x 


flus ôN over the area т X òx, concentric 
with the conductor, will be 


sNa=721 âx 


x 
and the total flux N, threading the loop from 
the surface of A to the centre of B, so far as 
it depends upon A’s current, is the integral 
of the above expression between the limits 
x = r and x = d — r, therefore 


Sir S. 
х= f бх 
ve 


r 


= 2 log (^ — ”) 


-2llog 7, 


since 7 is small compared with 7. 
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This is the flux which encircles, and is 
linked with each centimeter of the conductor, 
and the time-rate of change in the linkages 
due to a flux changing with the current gives 
the magnitude of the E.M.F. of self-induction 
set up, therefore 


Ose qu кү; 
f 9X É Ls, 
but Es 
ò Z 
д; РТР | 
= L. $5 (by definition) ; 


consequently L, = 2 log. í 


where L, is the inductance per centimeter 
due to the external flux. 

As regards the flux within the conductor, 
it must be noted that the density of the flux 
decreases from a maximum value at the 
surface to zero at the axis; at the same time 
we may assume a uniform distribution of 
current over the section of the conductor, so 
that within the substance of A, at a radius л, 
the flux density for that cylindrical surface 
will be 

potty car 18 
x, rr’ r? ? 
and the penetrating flux for a breadth à x 
per centimeter is 


ad 


x 
E09 


2 
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But this flux is not linked with ail the current, 
but with that portion only which is within a 


: : f TES 
cylinder of radius xj, 2.с., with —4-ths of the 
r 


wire, so that the current flux linkage for the 
element 6 x, (Fig. 3) is 


SN, = 2142,85 
r 


The total flux linkage within the wire will 
be the integration of this expression between 
the limits x = o, and x = r, therefore 


'r x3 
I Ò 
2 J asa 


I 


2 


N 


and l. for unit rate of change of current 
will be 


The inductance L per centimeter is, in 
absolute units, the sum of the two com- 
ponents L, and L,, or 


L=L+L, 
(н) 


r 


and for a length / centimeters 
L=} +2 log. 2 
2 r 
therefore for the complete loop or circuit 
L= al}? +2 log.” } 
2 r 
To reduce to practical units and lengths 


of transmission circuit in feet, proceed as 
follows :— 


L227'(2:54 X 12) X 
Jos +2 х 23026 log | I0-? henry 


= 21) 15°24 + 140°366 ов} I0-? henry 
r 
ael d 

= 2 /! X 140 365 10857 4-log - | то—# henry 
r 


= 2807 /! "10857 + о ro- henry. 


(To be continued.) 
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By HARRY NISBET, Head of the Weaving and Designing Department, Municipal 
Technical School, Bolton. 


OLID or tubular pirn-cop 
winding machines constitute 
another variety of a distinctly 
different type from any that 
have been previously de- 
scribed in this series of arti- 
cles, and one that occupies 

an important position in the particular field of 
manufacture to which it belongs. Machines 
of this type are chiefly designed for winding 
comparatively coarse and strong weft used in 
the production of fabrics of heavy textures of 
worsted, linen, jute and cotton, such as 
carpets, rugs, mats, heavy tapestries, furniture 
upholsterings, and counterpanes. Weft em- 
ployed for these and similar fabrics is some- 
times of such a character, as regards strength, 
bulk, and other qualities, as to require a 
different mode of building up the yarn from 
that which obtains in ordinary pirn winding, 
which latter is better adapted for finer and 
weaker material. 

Before proceeding to describe the con- 
struction and operation of solid cop pirn 
winding machines, it will be helpful to a 
clearer comprehension of their true function 
to briefly review the general features of 
ordinary pirn winding and of tubular cop 
winding, with a view to indicating their chief 
points of difference. In ordinary pirn wind- 
ing, threads are wound upon wooden pirn 
bobbins or paper tubes in a series of succes- 
sive layers of comparatively finely-pitched coils, 
by imparting to them а slow reciprocal 
traverse as they pass on to their respective 
bobbins, that are rotated frictionally, and 
therefore negatively, either indirectly by 
means of spindles and wharves driven by 
bands from a tin drum, or else directly by 
their surface contact with friction discs or 
cones. ‘The finer and weaker yarns require 
the more gentle action of a slow traverse, and 
as that causes yarn to wind with a close 
spirality, it is necessary to place it upon а 
bobbin or tube to form a core and give it 
sufficient support to enable it to be handled 
and woven with safety. 

In tubular pirn-cop winding, however, 
bobbins or tubes may be entirely dispensed 


with by winding threads direct on to dare 
spindles, on which they are placed in a series 
of successive layers of coursely-pitched coils. 
This is accomplished by imparting to the 
threads a 4z/ reciprocal traverse as they 
pass on to their respective spindles, which 
are generally rotated positively by means of 
wheel gearing. Spindles are also driven 
independently; and, in the best machines, 
they are each provided with an automatic 
stop-motion to cause them to stop independ- 
ently both when their respective threads 
either break or run out, and also when their 
cops have attained a pre-arranged length. 

Solid or tubular cops are constructed in 
two slightly dissimilar styles, as illustrated in 
Figs. 43 and 45. Those represented in 
Fig. 43 require the use of shuttles specially 
adapted to receive them, and, during weav- 
ing, a thread is withdrawn from the basal end 
of a cop, as indicated by the arrow-head. 
One of these specially-adapted shuttles is 
illustrated in Fig. 44. Unlike an ordinary 
shuttle, it is without a tongue or skewer, and 
is open only at the top. Its interior is 
deeply and sharply serrated, with the ridges 
and furrows formed transversely to the length 
of the shuttle, and resembling a saw-tooth 
roof. When a cop is forced into a shuttle, 
the ridges become embedded into its side, 
and hold it firmly in position. This is 
assisted by forming the serrations with the 
longer sides facing the shuttle eye and base of 
the cop (whence the yarn is withdrawn), and 
with the shorter and steep sides facing the 
cop nose. After a cop is pressed into position 
it is closed in either by means of an elastic 
band, or else a thin steel cover, with the 
object of checking any tendency which it may 
have to rise in a shuttle, due to the frequent 
concussion of the latter against the shuttle- 
box, and thereby prevent it from catching 
against the upper line of warp-ends, and 
breaking them, as it passes through the warp 
shed. 

Since a thread is withdrawn from the 
interior and hollow basal end of a cop, it 
tends to leave the latter in loops or rings that 
are liable to pass into cloth, and may also 
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FIG. 43. FIG. 45. 
TUBULAR PIRN HALF-PIRN 
Сор. TUBULAR Cop. 


prove troublesome during weaving. Also, in 
consequence of yarn being unsupported at 
the extreme base of a cop, it is liable to 
collapse at that part, and cause considerable 
waste, especially when the cop is nearly ex- 
hausted. In order to avoid those disadvan- 
tages, some manufacturers prefer to build up 
the cops into what are termed “ half-pirns," 
as represented in Fig. 45. These have their 
initial or basal extremity wound upon a 
pirn bobbin head to provide a support for 
yarn at that part, and thereby prevent its 
collapse and consequent waste. When formed 
into half-pirns, the cops are fixed upon the 
tongue or skewer of an ordinary shuttle, and 
have their threads withdrawn from the ex- 
terior and nose of a cop, as indicated by the 
arrow-head. ‘This circumstance gives rise to 
what is regarded by some to be a disadvan- 
tage that does not exist when a thread 15 
withdrawn from the interior of an unskewered 
cop. ‘Thus, as a thread is withdrawn from 
the nose of a cop contained upon a skewer, 
it becomes coiled around the latter in a spiral 
formation which increases its number of coils 
as a cop diminishes in length. ‘This causes 
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a gradual increase of frictional resistance to 
the withdrawal of a thread, with a corres- 
ponding increase of tensile strain upon it, 
and its consequent stronger inward pull upon 
selvedge warp-ends during weaving. It also 
increases the tendency to divert a shuttle from 
its proper course in its passage through the 
warp shed. 

Tubular pirn-cop winding machines are 
constructed by different makers in a great 
variety of forms, for each of which is claimed 
by them some special merit or suitability for 
specific purposes ; but they all possess many 
features in common, and differ chiefly in 
minor details of construction. Some are of 
stronger build and better adapted for winding 
stronger and coarser material, and for pro- 
ducing larger cops; whilst others are more 
suitable for lighter and finer yarn. Frictional 
or negative driving of spindles has been tried 
in these machines, but that course has not 
been successful, especially for the heavier 
gtades of yarn. The failure of frictional 
driving is due to the enormous power re- 
quired to overcome the considerable degree 
of tension it is necessary to impart to the 
threads in order to produce a hard, firm, and 
compact cop of large dimensions, and one 
containing a great length of yarn. When 
spindles are frictionally driven, the tension 
due to the resistance of yarn, during winding, 
tends to retard their velocity, thereby curtail- 
ing proQuction, and causing inferior work. 
The building up of yarn, in machines of this 
class, is sometimes effected by means of 
metal pirn cups (with all their attendant evils 
of flattening, glazing, and abrasion of yarn), 
and sometimes by means of conical bowls or 
rollers, as in other pirn winding machines. 


Еіс. 44.—TONGUELESS SHUTTLE FOR TUBULAR 
OR SOLID PIRN COPS. 


One of several modifications of a tubular 
pirn-cop winding machine, known as Gray- 
son's, is illustrated by a sectional elevation 1n 
Fig. 46, which shows a complete set of parts 
for only one spindle on one side of the 
machine. ‘the machine may be made with 
either a single row of spindles (as shown) or 
with two rows, with the several parts for each 
row placed symmetrically on each side of a 
central line, to constitute a duplex machine, 
or two complete sets of parts placed back 
to back. As represented in Fig. 46, the 
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machine contains a driving shaft A extending 
its full length, and carrying a number of 
skew-geared wheels B fixed at regular inter- 
vals corresponding with those at which 
spindles I are placed. Spindles I are placed 
with their axes in a vertical plane situated 
about ri in. to the rear of shaft A. Each 
spindle passes freely through a round axial 
hole formed in a small bevel wheel C, having 
an extended boss to form a lug D ; hence, 
wheel C may freely revolve upon its spindle 
without rotating it. Immediately above 
wheel C, the spindle also passes freely 
through a hole formed in a jaw clutch E, 
which hole is oblong in shape, and exactly 
counter to the transverse section of a 
spindle (as represented in Fig. 47), so that 
a clutch may slide freely along its spindle 
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but cannot revolve without turning the 
latter. The clutch is also formed with 
an annular groove or neck spanned by a 
fork F, that is secured by a swivel attachment 
to a long unevenly-balanced lever .G, ful- 
crumed at H, so that its heavy end (shaded) 
always tends to fall by gravitation, in which 
event the clutch is raised, and becomes 
disengaged from its small bevel wheel. 
Therefore, so long as the clutch is held out 
of gear with wheel C, the spindle will remain 
stationary, and may only be set in motion by 
depressing lever G, so as to connect the clutch 
and wheel, as represented in the diagram. 
The upper portion of a spindle (which 
revolves within a metal pirn cup J) gradually 
tapers for about 18 inches towards the tip, 
which is formed with a left-hand thread upon 
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Fic. 46.—GRAYSON’s SOLID OR TUBULAR PiRN-CoP WINDING MACHINE. 
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FIG. 47.—SECTION OF SPINDLE, AND PLAN OF 
CLUTCH AND BEVEL WHEEL. 


which a brass screw-cap K may be screwed 
on as the spindle revolves. The screw-cap 
serves to prevent a cop slipping off its 
spindle, and the left-hand thread opposes 
апу tendency of the cap to unscrew and 
come off, during winding. As threads 
pass on to their respective spindles, 
they are guided within the pirn cups by 
means of guiders L, fixed in brackets M, 
secured to shaft N, to which a very rapid 
oscilatory motion is imparted by means of 
an eccentric, a crank, or cam, so as to place 
the threads in coarsely-pitched coils to pro- 
duce firmly-bound and compact cops. The 
lower extremity of a spindle is connected 
to a treadle lever O by means of a square 
loose bush P, in which the spindle foot 
revolves, and from which its withdrawal is 
prevented by means of a nut Q screwed on 
the spindle end. Bush P fits loosely in a 
recessed or hollowed part of lever O, and is 
cast with two short studs R, one on each 
side, that enter side slots S in the lever. 
'Treadle lever O operates in conjunction with 
another treadle lever T, which is cast hollow, 
so as to receive between its sides about two- 
thirds of the forward portion of lever O. 
Treadle lever T is cast with two studs U that 
are fulcrumed upon brackets V (shown in 
dotted lines, and broken short), which support 
the treadle; and the two treadles are con- 
nected by passing a pin W through both. It 
will now be readily seen that, as a spindle 
rises, it will raise lever O, whose rear ex- 
tremity enters a vertical slot X, in the cast- 
iron plates extending centrally from end to 
end of the machine. As treadle O rises, it 
bears against the upper end of the slot, which 
serves as a fulcrum for it. At the same time, 
the rear end of treadle T is raised by means of 
pin W, thereby causing the front of the treadle 
T to fall, all of which movements are indi- 
cated by dotted arrows. The functions of 
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the two treadle levers will now be easily 
understood. By depressing treadle T, a 
spindle will rise and lift its cop out of a pirn cup 
to enable an operative to recover one end of a 
broken thread for piecing ; and by depressing 
treadle O, after removing screw-cap K, a 
spindle will be forcibly withdrawn from its 
cop for removal. 

It now remains to describe what constitutes 
the most interesting and ingenious feature of 
this machine—namely, the means by which a 
spindle is caused to cease rotating in the 
event of the supply of yarn to it failing from 
any cause, and also when a cop has attained 
to any pre-arranged length. "The automatic 
stopping mechanism 15 designed to act upon 
clutch E, so as to retain it in gear with the 
lug of bevel wheel C, and cause a spindle to 
rotate until either yarn fails in its supply, or 
until a cop is finished, when the clutch 
becomes automatically released from the 
wheel, and the spindle stops, thereby requir- 
ing the stop-motion to be actuated from two 
independent sources. The retention of a 
clutch in gear with wheel C is effected by 
means of a hook Y, taking over a projectior 
of a bracket Q, secured to weighted lever G. 
The hook Y is formed at the end of one of 
two arms of an L-lever Y, Z, fulcrumed at 1. 
By forcing the retaining hook Y off the pro- 
jection of bracket 2, lever G is released, and 
the weighted end falls by gravitation, thereby 
disconnecting the clutch from the wheel, and 
stopping the spindle 

During winding, as each thread proceeds 
from its source of supply to a spindle, it 
passes underneath a porcelain runner 3, 
carried on the free end of a short arm 4. 
This arm is secured to holder 5, swivelled on 
а pin 6, supported by a bracket. ‘Ihe arm- 
holder is cast with a short arm 7, so that 1 
may act upon arm Z of L-lever Y, Z. So 
long as arm 4 is held up by the tension of a 
thread, as indicated, hook Y retains its hold 
of bracket 2, and keeps the clutch in action ; 
but if, from any cause, arm 4 15 allowed to fall, 
as indicated by a dotted arrow, arm 7 bears 
against arm Z, thereby forcing hook Y back- 
ward, whereby lever G is enabled to rise and 
withdraw its clutch out of gear with its driving 
wheel to stop the spindle. 

The stoppage of a spindle due to the com- 
pletion of a cop is effected in the following 
manner: А long vertical rod, 8, passes 
through a hole near the front of treadle-lever 
О, and rests, normally, upon the floor. Its 
upper extremity, which is slightly tapered, 
points immediately underneath a half-moon 
projection, то, cast upon L-lever Y, Z, which 
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projection bears lightly against а part of the 
machine framing. Rod 8 carries an adjust- 
able hoop or collar, 9, that may be set- 
screwed on any part of its length according 
to the length of cop required. As a spindle 
ascends, it raises treadle-lever O, which even- 
tually comes in contact with hoop 9, thereby 
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raising rod 8, and forcing it between the 
framing and projection ro. By this means, 
L-lever Y, Z is pushed backward to release 
lever G, which rises and disconnects the 
clutch from the lug of its driving-wheel, 
thereby causing a spindle to stop, in the 
manner just described. 


(Zo be continued.) 
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By J. GROSSMANN, M.A., Ph.D., Е.1.С., Chemical Engineer and 
Consulting Chemist, Manchester. 


THE AtrR-BATH AND ITS TECHNICAL EQUIVALENTS. 


HE airbath is used in the 
laboratory for drying sub- 
stances at definite tempera- 
tures. It may be heated 
directly by gas, or the heat 
may be transferred to its 
interior through a water 

jacket. The purpose of the drying operation 
is, in most cases, to expel water or other 
liquids from finely divided solids, but cases 
occur in which one liquid has to be separated 
in this manner from others which boil at 
higher temperatures. As the problem of 
expelling superfluous water from solids is 
the one which most frequently occurs in 
practice, we shall confine our remarks to this 
particular case. 

It must be clearly understood that the 
operation of drying is not identical with that 
of ordinary evaporation. In ordinary evapora- 
tion, by the application of heat and by the 
evolution of steam, we produce currents which 
cause the particles of the liquid to move 
about freely, and thus to carry the heat away 
fairly well. ‘Thus, although water and many 
compounds which dissolve in it are in them- 
selves exceedingly bad conductors of heat, 
yet in the process of evaporation the bad 
conductivity is overcome by the mobility 
of the liquids. But whenever the problem 
before us consists in drying a wet mixture in 
which the solid particles cannot move freely, 
we have to take into consideration, and allow 
for the fact, that the heat has to be transferred 
through a bad conductor. We know that, 
under ordinary conditions, one pound of coal 
wil evaporate from five to ten pounds of 
water; but it is impossible, with an equal 


expenditure of heat, to expel anything like 
this quantity of water frem a pasty mass, 
and the best mechanical arrangements will 
not enable us to obtain results which, in 
ordinary evaporation, would be considered 
barely satisfactory. 

In the laboratory, we may use the air-bath 
either with an opening at the top, through 
which the vapours evolved may pass; or we 
may have an opening at the bottom as well, 
and thus produce a current of air during the 
drying process. If we adopt the latter arrange- 
ment, we shall find that we obtain the desired 
results in a shorter time ; the moist substance, 
instead of being in a stagnant atmosphere 
saturated with moisture, is exposed to a 
constant current of air which, not being fully 
saturated with water, will take up moisture in 
its passage. "The same principle applies to 
work on a large scale; but whilst the small 
quantities manipulated in the laboratory are 
generally left undisturbed in the air-bath, 
the large quantities dealt with on a manu- 
facturing scale have to be stirred up by 
hand, or by mechanical means, or they 
may have to be moved about and trans- 
ported from one part of the drying machine 
to another. 

In dealing with substances which have to 
be thoroughly dried, it is necessary in the 
first instance to deprive them of as much 
moisture as possible, by the means explained 
in former chapters. Crystals should be 
drained, and where possible dried, by a 
centrifugal machine; precipitates should be 
deprived of as much water as possible by 
means of filter-presses or other pressing 
machinery. Only after such preliminary 
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treatment has been carried out, should the 
process of drying by heat be resorted to. 

As it is often necessary to make use of 
mechanical arrangements which recur in 
different types of drying apparatus, it may be 


advisable to give a description of an appliance. 


which we have so far had no occasion to 
consider; a study of this will render the 
subsequent explanations of drying machinery 
more lucid and easier to understand. 
Suppose we have many tons of crystals 
which have to be transported from one end 
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as a carrier conveyor. One of these is shown 
in Fig. 27. 

Another way of obtaining the same result 
would be to place a long Archimedean screw 
in a trough ; on turning the screw, any sub- 
stances placed in the trough would be moved 
in the direction of the axis of the screw. 
Such an arrangement is known as а 57е 
conveyor, and is shown in Fig. 28. It works 
remarkably well with dry, or comparatively 
dry substances, but is not so efficient in the 
case of pasty masses, which are apt to stick. 


FIG. 27.—CARRIER CONVEYOR. 


of a room to the other; we could do this by 
transporting them in a wheelbarrow or wheel- 
barrows, but the same object could be 
attained by having a roller fixed at either 
end of the room, over which a sheet of calico 
of the width of the rollers is stretched in 
such a manner that it becomes an endless 
belt. On turning the rollers the endless belt 
would move at a speed which could be 
modified by adjusting the speed of the rollers, 
and any substance placed upon the top part 
of the endless belt would travel from one 
end and be discharged at the other end of 
the room. Instead of a belt made of calico, 
we could use an arrangement made in metal, 
consisting of thin metal laths, wire netting, 
etc. Such an arrangement is largely used 
for transporting goods in works, and is known 


In such contingencies, an arrangement may 
be used in which an endless chain travels 
over sprocket wheels. Bars, which act as 
scrapers, are fixed to the chain at convenient 
intervals ; as the chain revolves, these take 
up and carry forward any substances which 
they meet. An arrangement of this kind 1s 
called a drag plate conveyor, and is repre- 
sented by Fig. 29. The arrangements which 
we have so far discussed enable us to trans- 
port goods in a horizontal or slightly inclined 
direction. If it is desirable to transport 
goods in a vertical direction, or at a consider- 
able angle to the horizon, we may make use 
of an endless chain, to which buckets are 
attached at convenient intervals. These 
buckets dip, at the lowest point, into the 
mass which has to be transported, and so 


Fic. 29.—DRAG PLATE CONVEYOR. 
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become filled. After travelling upwards they 
will, on passing the highest point, gradually 
turn over and discharge the mass which they 
contain. Such an arrangement goes by the 
name of the bucket elevator, and is shown in 
Fig. 30. All these arrangements are largely 
made use of in the construction of drying 
plants, and we may now proceed to describe 
some systems in detail. 

The nearest approach to the air-bath, as 
used in the laboratory, would be a chamber 
through which hot air is made to circulate ; 
this may be built of wood, brick, or other 
suitable material, and well protected against 
radiation. Such an arrangement is frequently 
used, and various details of construction are 
applied to it. The heating may take place 
inside the chamber, by means of steam pipes; 
or the air may be heated before it enters the 
chamber ; or a mixture of air and the products 
of combustion from a coke fire may be passed 
through the drying chamber, in cases where 
the presence of carbonic acid would not be 
injurious. Again, air may be either drawn 
through the system, or it may be forced into 
it. The latter arrangement is the better of 
the two, as it prevents cold air from being 
drawn into the apparatus if there should be 
any leakage. A number of such chambers 
may be placed one on top of another, form- 
ing a high building; each 
storey may be heated separ- 
ately, or may receive its 
heat from the storey below 
it The substances to be 
dried may be placed on 
racks or trays which are fix- 
tures in the drying chambers, 
or a number of trays may Бе "7 
built up one above another ^3 
into a set of shelves, and 
placed on bogies, so that 
they may be easily wheeled 
into or out of the drying 
chambers for the purpose of 
filling and emptying. It is 
difficult, in these arrangements, to obtain an 
even distribution of heat; hence the sub- 
stances in different parts of the system do 
not generally finish drying in the same time. 

The simplest form of drying apparatus 
would appear to be one which consists of a 
long plate or a shallow pan, heated by means 
of an ordinary fire in such a manner that the 
flue gases pass along channels underneath 
the plate or pan. Various metals, enamelled 
iron, or earthenware tiles could be used for 
constructing the drying bed. The heat of 
the bed would be greatest near the fireplace, 
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FIG. 30.—BUCKET ELEVATOR. 


and least at the end farthest from it; thus 
the material to be dried might be introduced 
at the cold end and moved gradually by 
takes towards the hot end. In such an 
arrangement, however, it would be im- 
possible to keep the temperature within a 
narrow range, and it would be quite im- 
practicable in the case of compounds which 
decompose above тоо” C. or thereabouts. 
In such a case, a steam-jacketed shallow pan 
might be used, care being taken to make thc 
flat bed of sufficiently strong material to 
stand the pressure of the steam without 
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bulging. An arrangement might be used in 
which the heat is transmitted to the bottom 
of the tray by means of steam pipes: the 
writer has found that the efficiency of this 
construction can be increased by embedding 
the steam pipes in dry iron filings, and 
placing the bed upon the top layer; as the 
iron filings conduct heat well, this is a fairly 
economical way of transmitting the heat of 
the steam. We may mention that a similar 
. design also furnishes an excellent sand-bath 
in laboratories where steam is available. 
Steam coils are placed in a square box of 
about four inches deep, made of wood or 


sheet iron; the box is filled up within half’ 


an inch above the coils with dry iron filings, 
and a layer of one inch of sand is placed on 
the top of this. 

According to the pressure and temperature 
of the steam, which can be regulated by 
means of a reducing valve, the sand-bath may 
be kept at a uniform temperature of 1oo* C. 
to 120? C.; with superheated steam, a tem- 
perature up to 300°C. or more may be ob- 
tained. Instead: of steam pipes or steam 
coils, advantage could be taken of the 
arrangement which we have shown in Fig. 12 
(PEcHNics, Vol. ПІ., No. 13, January, 1905, 
p. 49), in which wrought iron pipes are cast 
into iron plates. 

In the arrangements which we have 
described, the air has free access to the sub- 
stances to be dried. In some cases it may be 
desirable to carry on the drying in a closed 
system; this could easily be effected by 
providing any of the  before-mentioned 
arrangements with a lid, and carrying off the 
vapours by means of a mechanical arrange- 
ment such as a pump, a fan, or an injector. 

From the remarks which we have made at 
the beginning of this article it will appear that 
in many cases the drying operation will not 
proceed on economical lines unless the mass 
IS frequently agitated and turned over. In 
other cases the substances have to be gradu- 
ally moved from the coldest to the hottest 
part of the system. This, if done by hand, 
requires constant attention and labour, and 
therefore involves extra cost ; wherever it is 
practicable, mechanical appliances are, thcre- 
fore, employed. There are many ways in 
which the work involved in turning over 
substances whilst drying can be effected by 
machinery. One of the simplest would be to 
have a shallow trough at the bottom of which 
© works an endless screw, such as we have 
previously described. This trough could be 
heated in either of the ways which we have 
mentioned, and the speed of the screw could 
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be so arranged that the substances are carried 
from end to end in the time required to 
reduce them from the wet to the dry state. 
Instead of spiral conveyors, dragplates could 
be made to move on a flat plate, and thus to 
carry the substance forward ; but in this case 
the amount of stirring would be incousider- 
able, and pasty substances would be liable to 
be carried along in almost solid blocks. 
Efficient drying arrangements have been 
constructed in the form of long cylinders, in 
which the substances to be dried are gradu- 
ally and slowly moved from end to end by 
means of large screws ; at the same time little 
buckets fixed on the revolving axle lift the 
stuff from the bottom, and, after carrying it 
round, drop.it again, and thus produce a 
thorough mixing and separating. It is evi- 


` dent that here again many ways of heating 


the apparatus may be used. Thus in one 
arrangement the coal or coke fire is made to 
heat the air which is passed through the drum, 
whilst the products of combustion are taken 
round the drum, thus heating it from the out- 
side; or the drum may be double-cased and 
heated by steam, and soon. In another type 
of drying machinery, a long chamber, pro- 
vided with doors at opposite ends, may be 
heated by any means described above. The 
substances to be dried are placed in little 
waggons which run along the chamber on a 
tramway ; these waggons are introduced irto 
the chamber by means of long rods, and left 
in it for the necessary time. Where space 
has to be economised, the chamber may 
be built vertically ; in that case the little 
waggons are raised or lowered by means 
of chains. 

Another arrangement which is largely used 
consists of a drying chamber in which carrier 
conveyors are arranged one above another in 
such a manner that the substances fed in at 
the top pass along the highest band, and are 
made to drop on the band below, which pro- 
jects at that end and moves in an opposite 
direction ; and so on from the higker to the 
lower, until the substances are discharged at 
the bottom of the apparatus. 

In drying installations, the use of machinery 
to economise hand labour is not restricted to 
the drying chamber itself. The wet stuff or 
finished material can be moved away or 
towards the place by means of bucket ele- 
vators, and the other arrangements mentioned 
may be used for the same purpose. Economy 
of labour and economy of heat are the two 
main principles which underly the construc- 
tion of such installations, As regards the 
former, the problem has been solved very 
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efficiently ; but with regard to the latter, it is 
still capable of improvement, and even with 
the most perfect designs it has been so far 
impossible to effect more than the evapora- 
tion of 5 lbs. of water for every pound of coal 
burnt. It need hardly be mentioned that in 
all cases where waste steam, or waste heat 
from other sources is available, this should be 
used for the purposes of drying. 

We shall conclude this article with an 
interesting illustration of how it is possible to 
got over difficulties which at one time seemed 
almost insurmountable. It is now possible 
to drv explosive substances by heat; this is 
effected by utilising our knowledge that, with 
a sufficient vacuum, water will boil and 
evaporate at a low temperature. ‘The con- 
struction which is used consists generally ofa 
closed metal drying chamber heated by steam 
and supplied with shelves on which the 


e 


material to be dried is placed. The chamber 
is connected with a large * explosion " 
chamber, fitted with a great number of safety 
valves. If at any time an explosion should 
occur, the gases evolved would be driven 
into the explosion chamber, which always 15 
in a state of vacuum, and any surplus pressure 
would cause the safety valves to be thrown 
open. When the drying is complete, the 
steam is turned off and cold water is passed 
through a system of pipes conveniently 
arranged in the chamber ; by this means the 
whole system is cooled, and finally the ex- 
plosive substances can be removed without 
danger. For obvious reasons all steam and 
water taps are arranged at a distance from 
the apparatus, so that they can be regulated 
without the workmen being compelled to go 
near the drying chamber whilst it is in actual 
use. 


(Zo be continucd.) 


SMOKE PREVENTION. 


VERY important contribution to the 
discussion of the лоҝе Prevention 
Problem has been published recently 
in one of the German technical 
journals. This is in the form of a Report 
(by a German engineer named Haier) 
upon a method of attacking this evil that 
has been adopted in Hamburg with some 
degree of success. Our readers are probably 
aware that it is the custom in those English 
cities where the smoke question has been 
taken up by the civic authorities, to appoint 
inspectors, and to take legal proceedings 
against those infringing the bye-laws, in the 
matter of excessive black smoke production. 
Since the civic action in this matter 15 
spasmodic and irregular, and depends largely 
upon the presence or absence of manufacturers 
on the city councils, the results achieved have 
not been very striking, and the smoke problem 
in most industrial towns and cities in this 
country is still unsolved. It is questionable 
whether more progress would not have been 
achieved by working along the lines indicated 
in Herr Haiers report, since it is useless 
to impose fines for a certain offence, until you 
have some method of showing the ottenders 
that it is both possible and practicable to 

avoid it. . | 
The plan described in Herr Haier's report 

is briefly as follows ;— 


A society has been formed in Hamburg 
known as the Verein für Feuerungs-betriehb und 
Rauchbekimpfung, and this society has erected 
an experimental steam-boiler plant, where 
trials with different methods of firing, and 
various patented smoke-prevention appliances, 
have been carried out. As a result of these 
trials, the society has proved that the produc- 
tion of black smoke from steam-boiler plants 
can be greatly reduced without in any degree 
impairing the evaporative efficiency of the 
boilers, and it is now proposed to demonstrate 
with the experimental plant how this reduc- 
tion of smoke may be attained. 

The most important part of the work of 
the society is, however, that relating to the 
training of firemen in their duties. A number 
of specially qualified engineers, with thorough 
grasp of the scientific principles of combustion, 
and also of the practical side of steam boiler 
management, are to be appointed ; and these 
men are to act as temporary instructors and 
advisers in any works where their services 
may be demanded. | 

If necessary, specially trained stokers will 
also be supplied, to show what can be done 
with the existing arrangements when under 
skilled management and control In this 
way the ordinary boiler firemen will be tech- 
nically educated in the proper performance 
of their duties, 
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Parr ]I.—Herat PRODUCTION AND TRANSFER. 


By JOHN B. C. KERSHAW, F.I.C. 


INTRODUCTION, 


IN the first article of this series* 
the writer dealt with the raw 
materials of steam generation 
—fuel, water and air—and 
with the methods to be em- 
ployed for controlling the 
supplies of these in a well- 

managed boiler plant. In the present article 

the writer will deal in a similar manner with 
the theory of steam-raising, in so far as this 
covers the production of heat in the furnace 
of the boiler, and the transfer of this heat 
through the plates to the water inside the 
drum or shell. 'l'he conditions governing the 
effects of scale and grease upon the rate of 
heat transfer will also be dealt with, and the 
final section of this article will be devoted to 
calculations necessary for ascertaining the heat 
efficiency of the boiler plant, from the results of 
the chemical tests of the fuel and the flue-gases. 

The problem of burning fuel so as to 

obtain from it the maximum amount of heat, 
and the transfer of this heat to the water 
contained in boiler, is not nearly so simple as 
many engineers have supposed ; much of the 
unsatisfactory practice of the present day 
must be ascribed to lack of study of the theory 
of the subject. It is of course impossible 
within the limits of a magazine article to deal 
fully with the theories of combustion and of 
steam generation, but an attempt will be made 
to draw the reader's attention to those points 
of especial importance for practical engineers. 
The author will feel that he has achieved his 
purpose, if his readers are led to consult some 
of the more comprehensive and advanced 
books on the subject. The problems 
presented by the conversion of the latent 
energy of coal into the latent energy of steam, 
are in fact worthy of much greater attention 
at the hands of engineers and students, than 
they have yet received. 


HEAT PRODUCTION. 


All naturally occurring solid fuels contain 
carbon, oxygen, hydrogen and nitrogen ; when 
these fuels are heated in air, a large number 
of physical and chemical changes are produced 
with evolution of heat. The amount of heat 


* See TECHNICS for April, 1905. 


produced by the complete combustion of 1 lb. 
of the elements carbon and hydrogen, in oxy- 
gen or in air, is as follows :-— 

Carbon [amorphous solid] 8,080 Ib.-Centi- 
grade units, or 14,544 B. Th. units. 

Hydrogen [as gas] 34,500 lb.-Centigrade 
units, or 62,100 B. Th. units. 

In the case of natural solid fuels, however, 
this heat is not all liberated as such and 
rendered available for actual work, for the 
hydrogen is present combined in the solid or 
liquid state, and a certain amount of heat 
absorption occurs in connection with the 
change from this into the gaseous state. 

The oxygen and nitrogen are also present 
in coal in some physical state which has not 
yet been accurately determined by chemists, 
and some absorption of heat also accompanies 
the gasification of these elements. 

For practical purposes, however, the pro- 
duction of heat by the combustion of solid 
fuel may be looked upon as an oxidation 
phenomenon ; the carbon and hydrogen of the 
fuel being converted into carbon dioxide and 
water respectively with liberation of heat. 

The amount of heat produced by the 
combustion of 1 lb. of fuel in air varies 
greatly ; it depends upon the chemical 
constitution of the fuel, and also upon the 
physical condition in which it may happen to 
be when it is charged into the furnace. The 
theoretical heat production is expressed in 
thermal units, and can be ascertained .in two 
ways, either by calculation from the chemical 
analysis of the fuel, or by direct determination 
in one of the various forms of calorimeter. 
There are two systems of thermal units in 
current use, one based on the kilogram and 
the degree Centigrade, and the other upon the 
pound avoirdupois, and the degree Fahrenite. 
The latter is known as the British Thermal 
unit, and represents the amount of heat 
rcquired to raise one pound of water through 
1° F. ‘To convert Ib.-Centigrade units into 
B.Th. units, it is simply necessary to multiply 
by 1°8, while the corresponding factor for 
kg.-Centigrade units is 3°97. 

As regards calculation of the theoretical 
heat production, the method of Goutal, based 
upon the approximate analysis of the fuel, 
was given in Article I. 

Should the figures for the elementary 
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analysis be available, the heat value of the 
fuel is calculated by the formula of Dulong, 
or by one of the more recently published 
modifications of it. 

Dulong’s original formula was :— 


X = 8,080 C + 34,500 (H — 2). (1) 
or X = 14,544 С + 62,100 (Н — 0). (2) 


The first formula gives the result in lb.-Centi- 
grade units, and the second in Fahrenite units 
(or B. Th. units). 

In these formula X = the heat of com- 
bustion, while C = the percentage of carbon, 
Н = the percentage of hydrogen, and О = the 
percentage of oxygen in the original fuel. 
Since it is assumed that the oxygen and a 
portion of the hydrogen in the fuel are already 
present in combined form, as water, a propor- 
tion of the hydrogen equivalent to the oxygen 
is deducted from the total, before multiplying 
by the factors 34,500, or 62,100. 

'The Dulong forinula and its later modifica- 
tions yield results that in many cases closely 
agrec with the observed calorific values as 
determined by the more trustworthy types of 
calorimeter; but in some cases wide dis- 
crepancies are found between the two results. 
These are attributed to the differences in the 
constitution of fuels, and to the presence of 
certain hydro-carbon compounds in bituminous 
fuels. As a general rule, the discrepancy 
between the calculated and observed results 
increases with the percentage of volatile 
matter. 

For anthracite, coke, and steam coals, the 
Dulong formula yields fairly trustworthy 
results. For fuels containing between 20 and 
35 per cent. volatile matter, the Goutal formula 
is more trustworthy. For fuels containing 
over 35 per cent. of volatile matter, such as 
cannel coal and peat, only direct calorimetric 
determinations will yield results of any value. 

In order to express the theoretic heat value 
of the fuel on a more practical basis, it is 
customary to state how many pounds of water 
could be evaporated per lb. of fuel if the 
whole of the heat energy were to be utilised 
in the boiler, it being assumed that the water 
is initially at 212? F., and is simply converted 
into steam at the same temperature. 

The heat absorbed per lb. of steam 
produced, is then represented by the latent 
heat of steam, and is 537 Centigrade units, or 
965°7 Fahrenite units. 

One therefore obtains the lbs. of water 
which could be theoretically evaporated per 
Ib. of fuel burnt, by dividing the heat value of 
the fuel (as found either by calculation or by 
direct observation) by one or other of these 
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figures, according as the result has been 
expressed in Centigrade or Fahrenite units. 

Fora fuel with а thermal value of 8,200 
Centigrade units, or 14,760 B. ‘Th. units, the 
evaporative power is therefore "25,2 = 15:2 
lbs. This, of course, is an unusually high 
figure ; the evaporative power of an average 
fuel does not rise much above r4'r lbs. 
Since the average evaporation of most boilers 
is little over 7 lbs. of water per lb. of fuel 
burnt, the evaporative efficiency of the modern 
boiler-plant is only about 50 per cent, and 
there is wide margin for improvement both in 
efficiency and economy. 

The Zemnperature which is attained by the 
combustion of solid fuel in air depends upon 
three factors: first, the calorific value of the 
fuel, second, the weight of air used per lb. of 
combustible, and third, the initial temperature 
of the air used for supporting combustion. 
'The furnace temperature can be ascertained 
either by direct observation, or by calculation. 
For direct observation of furnacetemperatures, 
the method first introduced by Seghr, of using 
cones of different melting points, is the most 
satisfactory ; none of the more elaborate 
optical or electrical methods are to be trusted 
at very high temperatures, unless the apparatus 
be constantly checked by comparison with a 
standard. If, however, the weight of air used 
per lb. of fuel burnt be known, the furnace 
temperature can be calculated by aid of the 
specific heat value for the waste gases. ‘This 
is the more convenient and usual plan for 
ascertaining furnace temperatures. 

One Ib. of average coal requires theoretically 
12 lbs. of air for its complete combustion, 
and yields 13 lbs. of waste gases. The 
specific heat of these exit gases lies between 
0'239 and о' 316 (the latter is the value given 
by Poole in his book on Fuel), and for the 
purposes of this calculation it may be taken at 
о* 250. 

Assuming, then, that the fuel has a calorific 
value of 8,000 lb.-Centigrade units, the max- 
imum temperature attainable by its complete 
combustion in air would һе: 


poo? = 2,460° C., or 4,460° F. 
I3 X 0'250 
This temperature is, of course, never 


attained, the chief reason for the failure being 
that complete combustion of solid fuel is im- 
possible without an excess of air. The air 
used is usually тоо per cent. above that 
theoretically necessary, and only in scientific- 
ally controlled boiler plants is this excess 
reduced to a minimum. 

Taking, now, the usual conditions under 
which an excess of тоо per cent. is regularly 
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allowed to pass through the boiler furnaces 
(equivalent to 25 Ibs. of exit gases per lb. of 
fuel burnt), we find the temperature attainable 
by the combustion of the above fuel is : 


8000 


сысы сызы 1,280? C. or 2,336° F. 
25 X 0'250 


'This temperature is little more than one-half 
of the maximum. 

The highest practicable temperature in 
ordinary boiler furnaces is that represented 
by 14 per cent. CO,, or 17:2 lbs. of exit 
gases per lb. of fuel burnt. These figures 
give a temperature of 1,860? C., or 3,380 F., 
when calculated out by the method used 
above. ‘This limit is rarely exceeded under 
normal conditions of work, unless a pre-heated 
air supply be used. Should, however, such a 
system of air heating be employed, the final 
temperature is raised by nearly the same 
number of degrees as the gain in temperature 
of the air supply. If the air enters the furnace 
at 365° F., in place of 65° F., the temperature 
actually attained in the furnace will be about 
300° F. higher than when cold air is em- 
ployed. 

‘The advantages of obtaining as high a 
temperature as possible in the boiler-furnace 
are twofold. In the first place, in all plants 
working with chimney draft  (miscalled 
“natural draft") a certain fixed loss of heat 
occurs with the exit gases, for the suction of 
the chimney depends upon the difference in 
temperature between the gases passing up it 
and the surrounding air. It is, therefore, im- 
possible, with chimney draft, to reduce these 
exit gases below a definite limit of tempera- 
ture, which for most plants is about 400° F. 
Now it is evident, if the actual temperature 
attained in the boiler-furnace be 3,600° F., 
that the loss of heat in the exit gases cannot 
exceed 400/3,600, or one-ninth of the total 
heat generated. Supposing, however, that 
owing to the use of a large excess of air, the 
temperature actually attained in the furnace 
is only 2,400° F. ; then the loss of heat in the 
exit gases rises to 400/2,400, or one-sixth, 
and the heat efficiency of the whole plant is 
diminished by 6 per cent. 

The second advantage resulting from the 
use of a high furnace temperature is that it 
promotes the transfer of heat to the water. 
The rate of heat transfer through a boiler- 
plate is dependent upon the difference in 
temperature between the hot gases and the 
water, and varies practically with this 
difference. Zhe rate of heat transfer 15 
consequently the greater, the hisher the furnace 
temperature. The efficiency of the boiler 
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plant is therefore promoted by the attainment 
of the highest possible temperature in the 
combustion chambers of the furnace, since by 
such means the chimney losses are reduced, 
and the rate of heat transfer is increased. 

Another method of increasing the tempera- 
ture attainable by the combustion of solid 
fuel in the furnaces of steam boilers, is to use 
air under pressure for supply of the furnaces. 
Е. J. Rowan, in arecent article, has discussed 
the gain that could be obtained by this method 
of working, and has shown that, with air at 
two atmospheres pressure, the gain in 
temperature would be 715° F., and that at 
three atmospheres pressure the gain would be 
1,208° F. These gains are due to the fact 
that the specific heat of a gas at constant 
volume is much less than that at constant 
pressure, since heat is absorbed when 
expansion of the gas occurs. The specific 
heat of the exit gases at constant volume 
would be about o' 180 instead of 0°250; the 
corresponding gain in the final temperature 
can be ascertained by the methods of 
calculation already used. The present writer 
believes, with Rowan, that more will be 
heard of this method of increasing the 
temperature of combustion in boiler furnaces, 
and therefore of the efficiency of the boiler 
installation. 

HEAT-TRANSFER. 


It has already been pointed out that the 
rate at which heat passes through a boiler- 
plate is dependent upon the difference of 
temperature between its two sides. It was at 
one time considered that the rate of heat 
transmission was proportional to the square 
of the difference of temperature between the 
hot gases on one side of the plate and the 
water on the other ; but Stromeyer considers 
this law incorrect, and gives figures in a recent 


publication,* showing that the transmission is 


directly proportional to the difference of 
temperature between the two sides of the 
plate. Using this law, he gives the following 


figures for various types of boilers :— 


British Thermal Units trans- 
mitted per hour per sq. ft. per 

1? F. difference of temperature 
between opposite sides of the 


Type of Boiler. 


plate. 
Marine boiler . . . | 5°55 
Loco-portable boiler | 5°21 
Lanc. & Cornish boilers 5°05 
Water-tube boilers . 5°26 
Economisers . 2°79 


| 


* Memorandum to the Manchester. Steam- Users 


Association. 1902. 
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Miss Bryant has also carried. out investiga- 
tions on heat transfer through metal plates, 
and has proved that, in order to evaporate 
50 lbs. of water per sq. foot of heating surface, 
a half-inch plate will require heating and 
maintaining at 150^ C. or 302° F. Now the 
latent heat of steam is 965°7 B. Th. units, 
and 50 х 965°7 = 48,285 B. Th. units, 
equivalent to a temperature of 48,285/5°05 
= 9,657 F. But Miss Bryant has shown 
that this rate of evaporation demands a 
temperature difference between the two sides 
of the plate of only до” F., therefore the rate 
of heat transmission evidently increases 
enormously with the increase of temperature. 

As a matter of fact, experimental results 
have been obtained with many thicknesses of 
boiler-plates and tubes, showing that water 
can be evaporated at rates up to 70 lbs. per 
sq. foot of surface per hour, without danger of 
overheating, so long as the plates are sound, 
clean, and free from grease ; and at this rate 
of evaporation Miss Bryant found a difference 
of temperature between the two sides of the 
plate of only 70° C. or 158° F. 

A simple experiment, which shows how 
low is the temperature of a water-cooled 
surface, is to boil water over a candle flame in 
a paper cup or vessel. So long as the flame is 
allowed to be in contact only with the bottom 
of the vessel, and this is kept covered with 
water, no charring or burning occurs, and the 
water can quite easily be raised to boiling- 
point without damage to the paper. The 
small paper caps used by chemists to cover 
the corks of medicine bottles, or the larger 
cups sold for containing ice-cream, serve well 
for this experiment, which, though simple, 15 
exceedingly instructive. 

The rate of heat transfer through metal- 
plates up to one inch in thickness is therefore 
a function of the temperature, and increases 
enormously as the temperature difference 
between the flame and hot gases on one side 
of the plate and the water on the other, grows 
larger. No danger due to the plates becoming 
red-hot can occur so long as these are clean, 
free from grease, and are well covered with 
water in free circulation. 

The case becomes otherwise, however, 
when the water side of the plates is covered 
with scale or grease deposits. Although the 
popular idea that scale is a very bad conductor 
of heat is probably erroneous, some action 
occurs which leads to overheating of the 
plates, and many boiler accidents and ex- 
plosions have been traced to this cause. 
Still more dangerous are the deposits of oily 
and fatty matters, which are sometimes found 
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with the scale in boilers fed with dirty and 
greasy water. In these cases the cause of 
overheating 1s probably the presence of a 
slight cushion or film of superheated steam 
between the boiler plate and the scale or 
greasy deposit; as this steam is unable to 
escape, overheating of the plates is bound to 
occur. 

Turning now to a consideration of the 
transfer of heat from the boiler plate to the 
water, Fig. 1 shows in a striking manner the 
great absorptive power of water for heat, and 
the very large amount of latent energy which 
is contained in 1 lb. of steamat 212^ F. The 
suitability of water as a liquid for conversion 
into a vapour which should be employed for 
driving engines, is well brought out in this 
diagram. 

The vertical divisions of the diagram 
represent the temperature in degrees 
Fahrenite, and. the horizontal divisions the 
amount of heat in British Thermal units. 
Starting at the point A, the line A B shows 
the rise in temperature of 1 lb. of ice, for 
successive increments of B. Th. units, from 
the absolute zero of temperature to + 32^ F., 
when it commences to melt. 

The latent heat of water is 142°2 thermal 
units, and the temperature of the half-melted 
mixture of ice and water remains constant, 
and is denoted by the horizontal line BC, 
while this amount of heat is absorbed. A 
rise in temperature then again occurs, until 
212° К. is reached, 180 thermal units being 
absorbed before this point is reached. ‘The 
line C D indicates this rise in temperature. 
Then another 965°7 thermal units are ab- 
sorbed, or rendered latent, before the 1 lb. 
of water at 212" F. is converted into steam 
at the same temperature, and the horizontal 
line D E indicates this disappearance of 
thermal units, without any corresponding 
rise in temperature. ‘The last section, E F, 
of the curve shows the rise in temperature 
which follows further addition. of heat to 
the steam, the rise being more rapid than 
for ice or for water, owing to the lower 
specific heat of the steam, which varies from 
0'47 to 0°65, according to the pressure. The 
dotted lines B G and DH show the tempera- 
ture rise which would have occurred had there 
been no heat absorption at the points B and 
D; the line А К shows the corresponding 
rise of temperature when steel is heated. 

The amount of heat which is required to 
convert 1 lb. of water into steam at a tempera- 
ture of 600° F. is, therefore, more than four 
times that required to melt т lb. of solid steel, 
and had there been no change of state in the 


The Theory and Practíce of Steam Generation 


940 


340 


940 


TEMPERATURE DEGREES FAHR. 


1200 
HEAT IN BRITISH THERMAL UNITS. 


Ес. 
OF STEAM. 


case of ice and water, this amount of heat 
would have produced a temperature of over 

2,600" Е. in the final solid or liquid. A great 
amount of heat energy is thus present in 1 lb. 
of steam at 212° F.— an amount more than 
five times that required to raise 1 lb. of water 
from 32° to 212° F., and it is this large 
reserve of heat within reasonable temperature 
limits. that. renders steam such а useful fluid 
for expansion work, in a steam engine 
cylinder. 

As regards the actual production of steam 
within the boiler, it may be remarked that 
any feature of boiler design or structure that 
facilitates the formation of steam bubbles, 
and their escape from the heated plate at 
the earliest possible moment, is of advantage 
and promotes economical operation of the 
plant. 

An interesting experiment is to fill a cubical 
box made of thin steel sheet with glowing 
coke, and to suspend this box in hot water 
contained in a glass vessel, in such a manner 
that its six sides are covered with the water. 
It will be found that the volume of steam 
generated from the upper surface will be 
much greater than that generated from any of 
the four sides, and that little or no steam will 
be generated from the bottom surface of the 
box. Should half the upper surface of the 
box be roughened by a sand blast, and the 
other half polished, it will be found that steam 
escapes most rapidly and in smaller bubbles 
from the first, since there is less cohesion 
between the steam and the roughened sur- 
face, and less force is required to carry it up 
and away from the heated surface. Metal 
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points and projections act in 
the same manner. The more 
quickly the steam bubbles are 
removed from the heated boiler 
plates, and their place taken 
by hot water, the greater is the 
amount of heat which will pass 
through the plates to the water; 
thus it follows that a well- 
designed boiler should possess 
as many roughened horizontal 
surfaces with water above them, 
as possible ; and that perfectly 
smooth vertical, or re-curving 
surfaces, should be avoided 
near the fire-box or flues. 

How far the modern Lanca- 
shire and water-tube boilers 
fulfil these conditions, will be 
discussed in a later article of 
this series. 
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EFFICIENCY CALCULATIONS. 

It has been pointed out thatthe approximate 
analysis of fuel enables the engineer in charge 
to calculate the amount of heat which will be 
generated by its combustion, and that analysis 
of the exit gases enables him to calculate 
the excess of air which is being passed 
through the fires and up the chimney. With 
these data, combined with temperature 
observations of the air and exit gases 
continually before him, it 1s possible to keep 
a fairly accurate check upon the efficiency of 
the boiler plant; for the heat losses by 
radiation and by the unburnt cinders and 
ashes are fairly constant, and may be included 
as a fixed loss of 15 per cent. in regular work. 

A heat-balance for the boiler installation 
can therefore be made up daily, with little 
trouble, from the results of the chemical tests. 

The following is an example of this method 
of checking the working efficiency of a boiler 
installation :— 

Fuel.—Lancashire slack at 7s. 62. per ton 
delivered in bunkers. Heat units produced 
per 10. by calorimeter test, 13,500 B. Th. U. 
I. Losses by radiation, etc. (то) 1,350 
2. Losses with exit gases up the 

chimney (c calculated) ro% CO,, 

and gases at 465° F. . 2,380 
3. Losses by unburnt carbonin cinders 

and ashes, and heat carried away 


in same (5% 675 

4. Converted into ateari in Holes 
(by difference) 9,095 
13,500 
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The efficiency of the plant, therefore, equals 
9,095/13,500 or 67%. Items 1 and 3 are 
based on estimates or upon previous test 
results; but these two items, under ordinary 
working conditions, should not vary more than 
5 per cent. 

Should the analysis of the exit gases show 
that carbonic oxide gas is present, a further 
entry will be necessary in the above heat 
balance, to show the thermal units lost by 
this failure to burn all the carbon to carbon 
dioxide. Let us take, as an example of this 
additional calculation, exit gases containing 
2 per cent. by volume of CO, and 8 per cent. 
CO,. since carbon, when burnt to carbon 
dioxide, yields the same volume of gas as 
when burnt only to carbon monoxide, the 
above percentages show that 2, or one-fifth 
of the carbon present in the fuel, has escaped 
complete combustion. Now, as found by the 
approximate analysis, the percentage of fixed 
carbon present in the fuel was бо per cent., 
and the thermal units liberated when carbon 
is burned to CO are 10,201 less than when 
carbon is burned to CO, (4,343 and 14,544 
respectively.) 

The loss of heat due to incomplete 
combustion, in the case under consideration, 
Is therefore :— 
о'бо X } X 10,201 = 1,224 B.Th. units, 
and the efficiency of the boilers is reduced to 
58 per cent. in consequence of this incomplete 
combustion of a portion of the fuel. 

This additional loss isa considerable amount 
of the total heat energy of the fuel (9%), and 
the calculation shows the necessity for keeping 
a close check upon the presence of CO in the 
exit gases. 

Since the automatic recording instruments 
now in general use for checking the compo- 
sition of the exit-gases from steam-boiler 
plants do not record the presence of CO, it 
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is evident that independent tests with an 
Orsat apparatus ought at times to be made, 
in order to check the presence or absence of 
CO. This gas is most likely to be present 
when attempts are being made to work 
with a minimum of air and thick fires, in 
order to attain a high percentage of CO, in 
the exit gases; thus, efforts to reduce the 
heat losses due to excess of air, unless under 
a chemist’s control, may result in very con- 
siderable heat losses in another direction. 
The need for expert scientific control of 
the testing work is therefore apparent, and 
automatic testing apparatus, though useful, 
is not an efficient substitute for the trained 
chemist. 

The subject of gas-testing will be dealt 
with at length in Article V. of this series; but 
it may be pointed out here, that as fuel and 
gas analysis enables one with ease and a fair 
degree of accuracy to determine the thermal 
efficiency of the whole boiler installation, it is 
deserving of more attention than has yet been 
accorded to it by engineers in charge of 
boiler-plants. In fact, these test results enable 
one, at a moderate expense, to achieve daily 
or weekly what at present is only carried out at 
long intervals of time, and with much disturb- 
ance to the usual routine, under conditions of 
working which cannot be regarded as normal. 
The money now expended upon special 
steam-raising and efficiency trials, if expended 
in the way suggested upon regular testing 
work would lead, in the author's opinion, to 
far more valuable results, and to a far better 
average of efficiency, than is attained under 
the present system. No doubt in time, the 
value of fuel and gas analysis in controlling 
the work of boiler installations will be fully 
recognised. This work must be carried out, 
however, under expert control, for the results 
obtained from it to be of real value. 


(Zo be continued.) 


EFFECT OF ULTRA-VIOLET LIGHT ON GLASS. 


IN a paper contributed to tne PAystkalische 
Zeitschrift for April 1st, 1905, F. Fischer 
describes experiments made in order to 
determine the effects of ultra-violet hght on 
glass. The light was produced by a mercury 
arc lamp in a quartz tube; it was found 
that four out of eight glasses examined 
acquired а slight colouration after being 
placed near the tube for a quarter of an 


hour, and an intense violet hue was 
produced in twelve hours. The colour 
was found to be due to the presence 
of manganese silicate in the glass. Sir 
William Crookes recently found that certain 
kinds of glass acquired a violet coloura- 
tion when exposed to sunlight at Uyini, 
Bolivia, situated 4,000 meters above the 
sea level. 


ARMOURED CONCRETE. 
Part II. 
By Lieut. HENRY J. JONES, A.O.D., A.R.C.Sc. (Lond.), Inspector of Ordnance Machinery. 


EFORE discussing the systems 
and methods of design used 
in connection with armoured 
concrete, it is obvious that a 
statement must be made 
concerning the properties of 
the materials which we pro- 

pose to use. Steel is so common and familiar 
as to need no description ; nevertheless it is to 
be remembered that, in the absence of experi- 
mental evidence, we are ignorant as to how the 
properties of steel may be modified by its 
being embedded in concrete. What is the 
effect of this on the elastic properties of steel ? 
How 15 the initial state of the steel affected by 
subsequent shrinkage of the concrete? These 
are questions which experiment, and experi- 
ment alone, can answer; in the meantime 
we must use a large “ factor of ignorance” to 
cover eventualities. So far as we are im- 
mediately concerned, the only fact of im- 
portance is, that the adhesion between steel 
and the concrete which has set round її varies 
from 550 to 680 165. per square inch ; and as 
this is above the safe compressive stress for 
the’ concrete, we are justified in assuming that 
failure will not occur through slip between 
the steel and the concrete. Even were this 
coefficient of adhesion in dispute, it would 
be sufficient to know that experiments have 
repeatedly shown that armoured concrete 
beans admit of distortion and ultimate 
fracture without the continuity of metal and 
concrete being destroyed. ‘The steel should 
be of the best quality, and capable of being 
worked to 74 tons per square inch. 

The sections of the steel employed vary in 
different systems, being round, flat, square, 
angle, and tee. In all cases the simplest 
section is the best, as it costs less, and readily 
allows the concrete to be rammed into the 
closest contact with the entire surface of the 
armouring. Small sections are better than 
large ones, as by their use we can get a more 
uniform distribution of stress in the steel; we 
can also readily bend and work them into 
any required shape; and finally, the most 
economical disposition of material is obtained, 
the metal being placed at the maximum dis- 
tance from the neutral axis. Care should 
always be taken that there is a good protective 
covering of concrete external to the armour- 
ing; the thickness of this covering should 
never be less than from one to two inches. 


Expanded metal meshing is being increas- 
ingly employed, more particularly in the 
lighter forms of construction. It consists of 
sheets of metal which have been mechanic- 
ally slit and expanded, so as to produce a 
network, This type of armouring has many 
and obvious advantages. Its mere existence 
is proof of good steel, and it forms an excel- 
lent key to thicknesses of concrete too thin 
to allow of the armouring being in the form 
of rods; thus it is very useful for concrete 
plaster, ceiling, and partition wall work. 
The overlapping of two sheets of metal for a 
few inches, before the concrete is laid, is 
sufficient to securely unite them; and the 
arrangement of armouring in sheets secures the 
great advantage of longitudinal and transverse 
strength, which greatly increases the adhesion 
and strengthens the concrete against shear. 

Concrete has long had the reputation of 
being erratic in its behaviour, but strict in- 
quiry into the cause of its many failures has 
revealed these to be due to bad workmanship 
or inferior materials. In some cases the 
aggregate was either too large or too small, 
or was composed of flinty materials which 
fractured under the slightest provocation ; 
in cases where care had been taken to secure 
a suitable aggregate, it was used either in an 
unclean state, or had too much or too little 
water added in the mixing. Ви by far the 
greatest number of failures have been due to ` 
the inferior quality of the cement. The use 
of unsuitable cement must be attributed either 
tolaxity in its testing, or faultiness in the 
specification under which it was supplied. 

Good cement is absolutely necessary for 
armoured concrete. At present we can get 
English Portland cement, which will leave no 
residue on а 76 х 76 sieve, wire 0°005 
inches diameter, and only то per cent. on a 
180 x 180 sieve, wire о'оо25 inches dia- 
meter. In any case, it should be specified to 
leave no more than 5 per cent. on a 120 X 120 
sieve, wire 0'0035 inches diameter. Slow- 
setting cement is best; pats made with the 
minimum amount of water should set in not 
less than five hours when the temperature is 
35? F., and not less than twenty minutes at 
75°F. The aggregate, when used for floors, 
columns, walls, etc., should all pass through a 
2-inch ring, and a one-inch ring for footings ; 
it should be quite clean, the proportions of 
sand and stone being adjusted to give a con- 
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crete quite full. The concrete should always 
be used in small quantities, so that after 
rolling or ramming no porosity may be possi- 
ble. The sand should be clean and sharp, free 
from loam and all other impurities, the grains 
varying from } inch down to the smallest size 
obtainable at a reasonable cost. ‘The propor- 
tions of cement, sand, and stone should not 
be less than 1:2: 4 for columns and girders ; 
and 1 :2£ : 5 for walls, floors, and footings. 
The best plan is to do the mixing and 
laying as rapidly as possible ; if the concrete 
is made moderately wet, the ramming should 
be continued until water appears at the sur- 
face. When the concrete has been 
laid and rammed to the specified 
dimensions, the shuttering should 
not be disturbed for at least three ` 
or four weeks, depending on the 
temperature. In all cases the shut- 
tering must be well braced and 


undue deflection when the concrete 
is deposited. To give a good finish to the 
work, the shuttering should be quite true to 
the required shape, and have the working 
faces planed smooth and covered with soap 
Or grease, sO as to prevent sticking. After 
the concrete has set and the shuttering has 
been removed, at least 5 per cent. of the 
girders should be tested with a load 50 per 
cent. above the maximum working load, 
and the maximum deflection should not 
эе more than from &4l,th to ;l,th of the 
span. Piles should be left in their forms 
at least four weeks before use, and longer if 
possible. 

The safe compressive stress of concrete 


E Fic. І. 
supported, so as to guard against HENNEBIQUE STIRRUP. 
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depends upon the quality and quantity of the 
cement, the nature and size of the aggregate, 
and particularly upon the skill exercised in 
the manufacture, and care in the use of the 
concrete. It is interesting to note that the 
compressive strength of concrete increases 
with age. Experience indicates that for piles, 
arches, walls, foundations, etc., which are 
subject to direct pressure, we may assume 
a safe working stress between 350 and 550 
lbs. per square inch. For beams, floor slabs, 
roofs, etc., 450 to 650 lbs. per square inch 
may be taken. Concrete has little strength 
in tension or in shear; if necessary, we may 
safely assume the former to be from 
30 to бо and the latter from 20 
to зо lbs. to the square inch. In 
carrying out calculations, it is usual 
to neglect both the tensile and 
shear strength in the most approved 
designs; provision is afterwards 
made to take tensile and shear 
stresses by a suitable disposition of 
rods and stirrups. In the Hennebique system 
stirrups are used, as indicated in Fig. r; 
these are spaced from four to twelve inch 
centres along the rods, being closest where 
the shearing forces are most intense. Fig. 2 
shows the arrangement of these stirrups in 
cross girders and floors. The necessity for 
these stirrups 1s proved by the fact that con- 
crete ribs do not show the first signs of 
failure at their mid-points, where the tensile 
stresses are a maximum, but nearer the sup- 
ports ; the failure of the rib is indicated by 
diagonal cracks which arise from the com- 
bined action. of the tensile and shearing 
Stresses. 


Fic. 2.—Rops AND STIRRUPS APPLIED ТО FLOOR AND GIRDERS. 


Armoured Concrete 


COLUMNS AND PILES. 


Armoured concrete columns are 
made with either square, rectangular, 
or circular sections; when well- 
proportioned, the height of a column should 
not exceed fifteen times the diameter of 
its equivalent circular section. ‘They are 
armoured with from four to twenty rods, the 
diameters of which vary from 3 to 2; inches. 

The rods are placed as near as practicable 
to the circumference of the column, so as to 
give the greatest radius of gyration for the 
section ; but, as stated above, they should 
never be placed so near the surface that they 
have not at least one or two inches protective 
covering. The steel so disposed is able to take 
up the tensile stresses which may be induced 
in the column by eccentric loading, lateral 
shock, wind pressure, and the pull of belting. 

The following table gives the maximum 
load which square columns will carry when 
the height does not exceed fifteen diameters. 
The percentage of steel exposed in cross 
section is never above 5 per cent, and is 
usually about 24 per cent. 


| 
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Section Safe Section Safe 
of Column in L^ad in of Column in | — Load in 

Inches. Tons. Inches. ' Tons. 
8 x 8 |, 40 24 X 24 380 
IO X IO 63 26 x 26 450 
I2 X 12 96 28 x 28 925 
I4 X 14 130 30 х 30 605 
16 х 16 170 32 х 32 670 
18 x 15 215 34 X 34 745 
20 X 20 270 36 x 36 $00 
22 X 22 | 320 38 х 38 > 900 


Columns and piles are made in wooden 
boxes, each consisting of three permanent 
sides, and a fourth side which is temporary 
and removable. Under the patent rights of 
François Hennebique the armouring is placed 
in these boxes, and adjusted by gauges to be 
within one or two inches ofthe sides. The 
concrete is laid and rammed, about six inches 
at a time, with special small hand rammers. 
The open side of the box is built up by battens 
fitting into grooves in the permanent sides, 
as the work proceeds ; this enables inspection 
of the work to be made, and facilitates the 
placing of the ties at the proper positions. 

The ties are made of round wire үз inch 
diameter, and are dropped down over the top 
of the steel rods. They are spaced from two- 
inch centres at the bottom and top, to twelve- 
inch centres in the centre of length of the 
column, and are intended to prevent the steel 
rods from spreading out under the action of 
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FIG. 3.—METHOD OF JOINING COLUMN TO FLOOR. 


longitudinal loads. Fig. 3 shows the method 
of joining columns to the floor. 

The Considere coiumns are very interest- 
ing. ‘They are built on the same principle 
as wire guns, and consist of a circular con- 
crete core wound with spirals of steel wire, 
the pitch of which is from one-seventh to one- 
tenth the diameter of the core. The whole 
is then covered with a layer of concrete, 
about two inches in thickness. These 
columns of Considere, when without longi- 
tudinal armouring, have an ultimate resistance 
of from 12,000 to 15,000 lbs. per square inch, 
and if longitudinal armouring be introduced 
as well, we may safely work them to 6,000 lbs. 
per square inch. ‘These columns are very 
suitable for heavy loads, but are somewhat 
costly ; for light loads the ordinary columns 
are preferable. It is a well-known fact that 
on setting in air, concrete shrinks; hence, 
when using longitudinal armouring, the con- 
crete adhering to the steel is put in tension 
and the steel in compression. ‘This action 
may be very severe, so much so that the 
elastic limit of the materials may have been 
reached even before the load comes on. In 
the case of spiral armouring, however, the 
shrinking of the concrete puts the steel in 
compression ; when the load comes on, the 
spirals, tending to expand, are put in tension, 
and a state of molecular equilibrium is reached 
when the compressive stresses induced by the 
shrinking of the concrete are just neutralised 
by the tensile stresses induced by the loading. 


- Afterwards we have the whole tensile strength 


of the armouring available for any increased 

tensile stress induced by additional loading. 
Piles are usually made in vertical moulds, 

but are equally good when made horizontally. 


They constitute quite a unique feature of 


armoured concrete construction, proving 
beyond all possible doubt that such a system 
is able to stand repeated shock without dis- 
integration or dissociation of the steel and 
concrete. The pile carries a shoe with a 
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chilled castiron point, and side plates of 
wrought iron to lock it to the concrete. The 
head of the pile is reduced in width to give 
a clearance, between adjacent piles, for the 
driving cap. This cap 15 of cast steel ; it fits 
loosely over the head of the pile, being filled 
with sand or sawdust, and closed at its lower 
end by a clay ring held by a plug of yarn. 
This arrangement ensures a very uniform 
blow being given to the pile head; it also 


FIG. 4.—AÀRMOURING FOR A I2-IN. X I2-IN. 
| KING PILE. 


allows the armouring to project beyond the 
concrete, to be connected to other parts of 
the structure, or to be bent into hook-shape 
for convenience of handling. A section and 
elevation of a 12 X 12 pile is shown in Fig. 4. 

Sheet piles are strengthened by rods 
clamped and cross-tied. ‘They carry cast- 
iron shoes and wrought-iron locking straps, 
the heads being reduced to receive a driving 
cap. А projection is often cast on one pile 
to work in a groove cast in another. ‘This 
ensures a straight drive, and a good joint 
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FIG. 5.—ARMOURING FOR А I2-IN. X 6-IN. 
SHEET PILE. 
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between successive piles. А special arrange- 
ment is sometimes used; an iron pipe is 
made to fit into a groove in the pile last 
driven, and another in the pile which is being 
driven ; this pipe is connected to a powerful 
water pump, and not only serves to guide the 
piles, but also delivers water ata high pres- 
sure, which forces out the mud and sand, and 
prevents the jambing of the piles. When the 
piles are driven, the pipe is withdrawn and 
cement is run into the open groove, which, on 
setting, forms a very perfect joint. Fig. 5 shows 
the arrangement of armouring in sheet piles. 

Piles up to sixty feet in length are now 
in use. The requisite cross-sectional area 
depends on the load to be carried and the 
nature of the site. The metal exposed in 
cross-section varies from 2 to 5 per cent., and 
is invariably of round rods, clamped and tied 
as in the columns. 

The following table gives particulars of 


Hennebique piles made and used at 
Southampton :— 
Section |. Percentage of 
of Pile in Armouring. | Steel ia 
Inches. Cross-Section. 
I2 X I2 | 4 rods 14 inches diam. | 5 
I4 X I4 5 dd 5 5» 2} 
15 X I5 39 І ,3 ?3 23 
16 x 12 » 18 „” » 43 


(Zo be continued.) 


STEEL PURLINS FOR CORRUGATED IRON ROOFS, IN 
THEORY AND IN PRACTICE. 


By E. FIANDER ETCHELLS, A.M.I.Mech.E., F.Ph.S. 


HE young theorist and the old 
workman have  wrangled 
together, and have thereby 
increased their mutual scorn. 
In the old case of theory 
v. practice, as to the correct 
dimensions of roof purlins, 

Time the Arbiter has deferred his award. 

‘Therefore I beg leave to intervene and invite 

the contending parties to come to some 

mutually advantageous arrangement pending 
the final decision, for when Theory and 

Practice differ, Time alone can give us truth. 
It will be necessary, in the first instance, to 

ascertain the extent of the difference. The 

old workman will tell us of purlins so light 
and spans so long that the unpractical theor- 
ist is nonplussed. Further, Mr. Alexander 

Drew, C.E., M.I.Mech.E., consulting en- 

gineer, Westminster, will support the old 

workman in stating that “ for a sheeted roof 
with trusses 15 feet apart and purlins up to 

8 feet apart, 3-inch X 3-inch х 3-inch angles 

will prove sufficient." 

Let us calculate tne strength of this purlin 
by the ordinary theory. Assume that the 
slope of the roof is 30°. With horizontal 
wind at 40 lbs. per sq. foot, the pressure per- 
pendicular to the roof = 0°66 х до = 26:4 
lbs. per sq. foot (Hutton). Let 3:6 lbs. per 
sq. foot be allowed for the normal component 
of the weight of corrugated sheeting and dead 
weight of purlins, etc. 

Then the total pressure perpendicular to 
the surface of the roof will be 26:4 + 3:6 
= 30 lbs. per sq. foot of sloping surface. 
The load carried by each 3 X 3 angle purlin 
will be 15 x 8 X 3o = 3,600 pounds = 1*6 
tons. 

If the purlin be 3o feet long and trusses 
15 feet apart, the maximum bending moment 
will be at 15 feet from the end, and will be 


c ton-inches. 


W/ | 1:6tons X (15 X 12) TRUM 
8 8 
= 36 ton-inches. 
Let Z = Section modulus (¢.¢., the moment of 
resistance at unit stress on the 
extreme fibres). 

» J = The estimated stress on the extreme 

fibres, in tons per sq. inch. 


The moment of resistance = Zf 
W/ 
142-25, 
5 Л 
i.c., 36 ton-ins, = Zf; 
. 36 ton-ins. 
' Zins? 
For а 3-inch X 3-inch x g-inch angle section 
with the vertical axis parallel to one limb, Z 
= 0:8 (inches)? very nearly ; 


P LU 45 tons per sq. inch. 


= f tons per sq. inch. 


o'8 

'The ultimate statistical tensile strength of 
the quality of steel used is between twenty- 
eight and thirty-two tons per square inch. 
Here, then, is the anomaly—roofs stand the 
gales of years, and yet the estimated stress 
exceeds the actual breaking stress by about 
50 per cent. 

Suppose the purlins were only four fect 
apart, the stress would still appear to be 
about 22°5 tons per square inch. ‘This stress 
is higher than the elastic limit of the material, 
yet the purlins show no injury. 

What is the explanation? Is there any- 
thing wrong with the accepted theory ? 

The theorist is apt to forget that the best 
modern practice represents the accumulated 
experience of countless generations of builders 
—an international experience which has been 
gained through the storms and tempests of 
the ages, for storms are self-appointed ex- 
aminers in construction to the practical 
man: they pick out all his faulty examples 
of construction, hurl them down, and carry 
them away. The theorist forgets that 
“theories are but theories,” and need to 
be tested at every stage by rigorous practical 
experiment. After all, what is a theory but 
*a supposition explaining something; a 
doctrine resting merely on speculation ?” 

It is common knowledge that some theories 
have been tested and accepted as true, but 
these are more correctly termed theorems. , 

A theorem may be defined as “a position 
laid down as an acknowledged truth or 
established principle.” 

The “ practical” man does not discriminate 
between a theory and a theorem. He 15 apt 
to look at them in the mass and despise 
them all. 

Theories, again, may be subdivided into 

3 N 
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good, bad, and indifferent, and here it is 
the theorist himself who is not very dis- 
criminating. He is continually building on 
theories which are right in themselves, but 
are not applicable to the work in hand. The 
theorist should at all times ascertain, as far 
as possible, what assumptions underlie his 
calculations. | 

In the case of the purlins, the assumptions 
we have made are the usual ones, and in- 
clude the following :— 

I. That the purlin is rigidly fixed at one 
end and freely supported at the other. 

2. ‘That the direction of the wind is hori- 
zontal. 

3. That the wind acts as a steady uniform 
pressure over a surface of 15 ft. x 8 ft. 

4. That the intensity of the wind pressure 
is 40 lbs. per square foot over large surfaces. 

5. That the ordinary beam theory is appli- 
cable to a purlin. 

6. That the purlin is not weakened by the 
rivet-holes at the connections to the trusses 
(i.e. we made no deductions from the Section 
Modulus). 

Here are six assumptions selected at 
random. How many of them are tenable or 
reasonable? "They are all more or less of 
the nature of approximations, and, in fact, 
some of them are merely working hypotheses. 
Now the question arises, are they the closest 
approximations we can get to the truth ? 

Assumption No. т comes nearest to the 
truth when the length of the purlin is twice 
the distance between the trusses, and when 
there is only one rivet at each end of a 
purlin. In this case the maximum bending 
moment = } W Z If both ends of the purlin 
were fixed in direction, the maximum bending 
moment would be considerably reduced, and 
smaller sections could be used. Therefore I 
advocate that each end of a purlin should be 
fixed by at least two rivets. In this case all 
the spans of the purlins will be in the 
condition of beams with fixed ends. 

Assumption No. 2 refers to the direction 
of the wind. The ruling direction of the 
wind is admittedly essentially horizontal, but 
the wind striking the walls of a long building 
must be deflected from its straight course, 
and this will prevent the wind striking the 
roof in an horizontal direction. Оп the 
other hand, the disposition of surrounding 
objects may cause the wind to beat down on 
to the roof of a building. 

Both these circumstances are usually 
neglected in calculations, and of course 
vitiate our results. 

Assumption No. 3, that the wind acts as 
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a steady uniform pressure. It is of course 
possible for the wind to act thus, but even in 
great gales it usually acts in sudden gusts 
and swirls; therefore assumption No. 3 is 
more convenient than accurate. 

Assumption No. 4, that the ‘intensity of 
the wind is 40 lbs. per square foot over large 
surfaces. 40 lbs. is manifestly an approxima- 
поп. Why not 39:9? Why not 4o'1? 

Again it is an admitted fact—a theory 
which has been tested at the bar of practical 
experience and experiment-—that the average 
intensity of the wind pressure over large 
surfaces is considerably less than the average 
pressure over a smaller surface. 

* Whilst the maximum pressure on a one- 
foot anemometer at the Forth Bridge was 
31 lbs. per square foot, the average over a 
board of 3oo square feet was 19 lbs. only." 
[Sir Benjamin Baker.] 

Experiments are also being made at the 
present time by Dr. Glazebrook at the 
National Physical Laboratory, Bushey Park, 
on boards of 5 square feet and 50 square feet 
area respectively. 

Assumption No. 5, as to the applicability 
of beam formule. The great discrepancy 
between the ordinary theory and the general 
light practice with regard to steel purlins has 
led me to speculate whether the purlin does 
not carry its load either wholly or partially - 
as a catenary, or flexible uniformly loaded 
chain ; somewhat similarly, say, to the cable 
of a suspension bridge. 

The objection to this theory is that, 
although it gives reasonable results so far as 
regards the size of purlins and purlin rivets, 
it leads to the assumption that the reactions 
are provided for by lateral bending stresses 
in the rafters on the windward side of the 
trusses at the gable ends. This latter assump- 
tion cannot be maintained. Weare therefore 
compelled to fall back upon some modification 
of our beam theory. 

With regard to assumption No. 6, if the 
purlin act as a beam, the rivets at the con- 
nections will pass through the purlin very 
near the neutral axis, and the loss of strength 
will not be serious, and in practice may be 
neglected. 

Having dealt in detail with some of the 
faults and assumptions of the common 
theoretical method, I propose to show how 
an imperfect theory can be improved and 
made more acceptable to those who have 
had extended experience in the practical 
work of designing, erecting, and maintaining 
well-constructed steel buildings. 

My apology for writing at such length is 
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that book information as to  purlins is 
remarkably scanty, and usually very vague 
and indefinite. I propose to develop and 
establish a general rule readily applicable for 
all ordinary cases. 

In the first place, take a detached building 
with two or three roof-trusses, and a detached 
building with, say, nine, ten, or more trusses. 
In the shorter building the wind can escape 
round the ends much more readily than in 
the longer building. "Therefore let us confine 
our attention to the longer building. 

Assume two rivets in the end of each 
purlin, so that the ends of the purlins may be 
fixed in direction. The purlins are then like 
continuous girders. 


Let L = the length of the span in feet, 
i.e, the distance between the 
trusses. 

D - the distance between the parallel 
lines of purlins (in feet). 


The sloping area supported by each purlin 
-LD hc v) 
'The dead loads are made up as follows :— 


Ibs. per sq. foot 
of sloping area. 


Corrugated iron, 18 B.W.G. = 2^б 


Allowance for laps and rivets 10% = 0'26 
Allowance for weight of purlin = 3°00 
3°86 


This 3°86 is a vertical force. It may be 
resolved into two components: one normal 
to the surface of the roof, and the other 
parallel to the surface of the roof. 

‘The component parallel to the surface of the 
roof is most probably taken up by the sheets 
themselves, since it is practically a force 
acting down the roof—along the corrugations, 
as it were. For a force in this direction, a 
corrugated sheet becomes virtually an ex- 
' ceedingly stiff plate girder. 

If the roof be inclined at 30° to the hori- 
zontal, then the normal component will be 
found to be :— 
3°86 X cos 30° 
= 3°86 х о'866 

= 3°34 lbs. ; . (2) 

This may be easily verified by drawing the 
triangle of forces. To this normal com- 
ponent of the dead weight we must add the 
normal component of the wind pressure. 
What wind pressure shall we take ? 

* At the Leven Viaduct, to the north of 
Morecambe Bay, the wind has a clear sweep 
over the perfectly level surface of the bay for 
quite 20 miles. "The viaduct consists of iron 


girders supported on cast-iron piles. It has 
no parapets, so that trains catch the full force 
of the wind for their whole height. On 
February 27th, 1903, a train was standing on 
the viaduct, when all the carriages save the 
one next to the engine were overturned by 
the force of the wind. The carriage next to 
the engine was held up by the coupling. 

“ At the time of the accident the rail level 
was about 28 feet above the surface of the 
water. The stiffest vehicle was a London 
and North Western bogie-brake, which would 
require a pressure of 42 lbs. per square foot 
to overturn; and the lightest vehicles were 
four-wheel coaches, which would overturn 
with a horizontal pressure of 32 Ibs. per 
square foot.” (Vide Board of Trade Report.) 

We have here incontrovertible evidence of 
a wind pressure of at least 32 lbs. per square 
foot over a surface larger than any anemo- 
meter. 

I do not think we can take these facts as 
evidence of a pressure as high as 42 lbs. per 
square foot. Since the carriage next to the 
engine was restrained by the greater stability 
of the engine, it is clear that the end carriage 
must have /ел4ей to pull the engine over. 

In a similar manner the light four-wheel 
coaches may have assisted in overturning 
the stiff London and North-Western bogie 
brake. On the other hand, if the lighter 
vehicles were steadied by the heavier ones, 
a pressure of 32 lbs. per square foot would 
not suffice to overthrow any of the vehicles. 

Therefore our final conclusions are, that 
the average pressure must have been greater 
than 32 lbs. per square foot, and that there 
is no evidence to show that it reached 
40 lbs. or 42 lbs. per square foot over the 
large surface exposed. 

Now Leven Viaduct is in a very exposed 
position ; and it is not reasonable to expect 
the same pressure on low city buildings sur- 
rounded for miles by other buildings. 

The rarity of wind mishap to the large 
plate-glass windows of city premises is evi- 
dence of the prevalent lower pressures. 

For designing purlins, I propose taking a 
horizontal wind pressure of 30 lbs. per 
square foot over large surfaces which are not 
in very exposed positions. 

If the building be open on all four sides 
(2.е., if the roof be supported on pillars and 
the wind has free escape on all four sides of 
the sloping surface of the roof) the wind 
pressure can be found by Unwin's formula 
embodying the results of Hutton's experi- 
ments. 

If the building be enclosed on all four 
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sides the wind. pressure on the roof will be 
diminished. (Vide Tecunics, No. т, Vol. I). 
I do not, however, propose to make any 
allowance for this diminution of pressure, as 
I desire to obtain a rule applicable to both 
cases. 

With horizontal wind at зо lbs. per square 
foot, the pressure normal to a roof of 30° 
slope will be 19°8 lbs. per square foot 
(Unwin). 

The total pressure normal to the slope of 
the roof will be (19:8 + 3°34) = 23°14 lbs. 
per square foot. (Refer to Equation 2.) 

The total pressure coming on each purlin 
will be— 

_w = 2314 L.D. 


t sc 
ao е (3) 


We have found the load and must now find 
the bending moment. 


Let / = span in inches. 
Let W = load on one span in tons. 


For continuous girders in general it may 
be said— 


(a) That the bending moments at the 
supports лехї to the ends are always the 
greatest ; and are about уу W Z. 

(4) That they are least at the third supports 
from the ends, where they are about 4, W /. 

(с) Near the centre they are nearly uniform 
at about y W 4 


(Vide article on Continuous Girders in 
“ Modem Framed Structures,” by Johnson, 
Bryan and Turneaure.) 


For continuous purlins the wind pressure 
on the extreme spans cannot attain its maxi- 
mum value, as the air will have free escape 
past the gable ends. Therefore we are justified 


in taking the bending moment at yz WZ «1 


throughout. 
L — span in feet, 


{= 21. 
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Therefore bending moment in ton-inches 
_Wl 
12 


= W L ton-inches. 


Reference to Equation (3) will show that— 
23'14 I? D 
2240 


WL= ton-inches . (4). 

Before we can know the moment of resist- 
ance, we must determine what working stress 
shall be allowed. 

Now, the great factor in determining what 
the working stress shall be is the elastic limit 
of the material, rather than its ultimate 
strength. The elastic limit of structural mild 
steel is about 13*5 tons per square inch (vide 
* Official Book of British Standard Sections,” 
publication No. 6 of Engineering Standards 
Committee). 

There is not much fear of an ordinary 
purlin breaking across with the wind, because 
the great increase in length after the elastic 
limit has been passed would enable the purlin 
to act partially as a catenary of sufficient sag 
or curvature to materially reduce the stresses 
throughout. This fact alone would enable us 
to adopt somewhat higher stresses for purlins. 
If the stresses are kept within the elastic limit 
there can be no chance of undue sag. 

Suppose we agree to define the maximum 
safe stress for purlins at 3 of the elastic limit, 
ie. ($ X 13'5) = 10' 125, or (say) то tons 
per square inch. 

This purlin stress may appear high, but I 
submit that it is the essence of good steel 
practice to suit the stress to the nature of the 
load, and to the importance of the member. 
The stress in a rolled steel joist embedded in 
thé concrete base of a building need not be 
the same as the stress on the same section if 
it were used in the web of a railway lattice 
girder and subject to alternate tensions and 
compressions. 


Fig, 2,—METHOD ОЕ FIXING: CORRUGATED [RON 
SHEET TO PURLIN, 
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Fic. 3.—DETAILS OF JOINT BETWEEN PURLIN 
AND RAFTER. 


The following instances of adapting stresses 
to structures will serve to show my meaning. 

(а) Direct compression in mild steel pillars, 
from 1 ton to 6 tons per square inch, accord- 
ing to the length of the pillar. 


(b) Compression flange of railway plate 


girders = 6 tons per square inch. 

(с) Tension and compression for floor 
girders in buildings = 7 tons per square inch. 

(2) Tension and compression for rolled 
steel joists entirely and thoroughly embedded 
in concrete floors — 9 tons per square inch. 

(e) Working stress for angle purlins, 10 
tons per square inch. (The working stresses 
for the roof trusses themselves should, how- 
ever, be considerably below this figure.) 


If this suggested stress be adopted the 
moment of resistance of the purlin will be 
Z f where Z=the section modulus in (inches)? 
and f = (3 X 13°5) tons per square inch. 

Since bending moment - moment of 


` resistance 
23°14 L? D —7Z(3 : 
"pers ($ X 1375) 
7.4% 23°14 X I? D 12р 
ee аад =y 


3 X 13°5 X 2240 980 
or sufficiently near for practice, the requisite 
section modulus in (inches)? for angle steel 


purlin under a sheeted roof = Z, where 


1000 ' 


here L = the span in feet, and D - the 
spacing of the purlins, also in feet. 
Since 
_ 12 D 
1000’ 
1000 X Z 
Di spars 
And. 


L- / 10002 
D 


Here are three very useful rulesforalmost any 
ordinary corrugated iron roof ; for the slopes 
do not vary much, These rules would allow 
3-in. X 3-in. X j-in. purlins spaced 8 ft. apart 
for spans up to IO ft., or spaced 5 ft. apart 


for spans up to 12 ft. 9 in, or 3z-in. X 2š-in. 
X $-in. purlins 8 ft. apart for spans up to 
nearly 12 feet. It will be seen that these 
formule do not justify the long spans and 
wide spacing adopted on hundreds of buildings 
in all parts of the country, but in my opinion 
they give very satisfactory results, and the 
most practical of practical persons must 
admit that they give good construction. 
Furthermore, there is not unanimity of 
opinion, even among purely practical men, 
as to the advisability of the spans and spacing 
supported by Mr. Drew. 

There is still one other point which we do 
not take into our calculations. Corrugated 
sheets are commonly rivetted together with 
staggered or zig-zag rows of rivets through 
the crowns or ridges of the corries. The 
tendency of this is to make the corrugated 
sheets into a sloping girder, supported at the 
ridges and the eaves. In addition, these 
sheets or hypothetical sloping girders break 
joint as we pass along the roof; the effect 
of all this is to make the roof sheets to some 
degrees self-supporting, and they must neces- 
sarily take some of the presumed load off the 
purlin. | 

However, a purlin theory which was 
founded on the assumptions that the sheets 
were self-supporting, and that the building 
was sheltered, and that the wind could not 
blow above a gentle breeze would soon bring 
the theorist into greater disrepute than ever. 

The theorist and the practical man have 
their differences of opinion, but the really 
extreme points of view are those of the 
theorist and the keen competitive contractor. 
The theorist desires to take all the precautions 
which reason prompts ; while the competitive 
contractor, in order to cut down the price, 
and so get the order, is apt to take all the 
risks he deems permissible. ‘The less the 
responsibility the greater the amount of risk 
he is prepared to take. Between these two 
the practical man steps in; and using his 
judgment and his long experience, tells us 
what he thinks is good construction and what 
is bad. 

By way of conclusion I would draw the 
readers attention to the increased strength 
which can be obtained for the same expendi- 
ture of metal, by using unequal angles for 
purlins. 

For example 3-in. X 3-in. X 3-in. and 3£-in. 
X 2i-in. X j-in. angles have the same sec- 
tional area, but the moment of resistance of 
the latter is about 34 per cent. greater than 
the former. 


THE PHARMACEUTICAL INDUSTRY AND 
MODERN SCIENCE. 


By J. R. McPHIE. 


THE HISTORIC LABORATORY OF JOHN BELL AND Co., LONDON. 
From an etching by Robert Macbeth, К.А. 


N the early days, chemistry 
was intimately associated 
with pharmacy ; its develop- 
ment was contributed to in 
no small measure by many 
practitioners of the latter art, 
which in turn benefitted by 

the chemical researches of its votaries, and 
made progress. Unfortunately for pharmacy, 
this hand-in-hand development did not last 
long. ‘The elder sister began to look upon 
the younger as precocious—as inclined to 
move too quickly. She began even to show 
some jealousy, and to look upon the rise and 
development of chemistry as tending to pre- 
judice her position and profits—a fatal attitude, 
unfortunately not yet wholly abandoned. In 
this mood she built still higher the wall of 
mystery which wrapped her round about. 


and became, in the world of science, a very 
kingdom of China. The roads had parted. 
Chemistry continued to travel with accelerated 
velocity, pharmacy to travel more and more 
slowly ; she was almost standing still when 
one day she realised that her house was in 
danger from quite another source than that 
which she had anticipated. 

During her period of sloth, pharmacy’s 
law book, the British Pharmacopeta, re- 
mained a conglomeration of out-of-date, 
inaccurate information, without order and 
without method, a monument to be wept 
over. In 1898, light appeared in the pharma- 
ceutical firmament, in the shape of a new 
edition of this book. As the result of active 
agitation, largely among the younger phar- 
macists, drastic changes had been intro- 
duced. The book was fairly up-to-date in 
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facts and methods. The Pharmacopoeia, 
however, was conservative as ever, and 
deemed it necessary, for example, to apologise 
for the introduction of the word “ hydroxide” 
in the place of hydrate. She considered 
whether or no her followers would be incon- 
venienced by the introduction of a new term. 
That the new term was nearer truth—was, 
in fact, more scientific—was not sufficient 
to justify its introduction. For some little 
time before 1898, however, firms and indi- 
viduals had been on their own initiative in- 
telligently applying chemistry and physics in 
the manufacture and dispensing of medicinal 
preparations ; so that the application of 
modern scientific principles to the pharma- 
ceutical industry must be dated a few years 
before 1898. 

Pharmacy may be described as the art of 
identifying, preparing, analysing and dis- 
pensing medicinal substances; and the 
pharmacist, as one who knows the pharma- 
сорола. To know the pharmacopoeia and 
carry out the above operations, the phar- 
macist must understand the principles of 
modern chemistry, physics, and botany. For 
the “identification” of vegetable drugs, 
microscopy is essential, together with a 
knowledge of materia medica. То use a 
microscope intelligently, a knowledge of the 
principles of optics and the theory of light 
must be acquired. The methods of quali- 
tative analysis, embodying, as they do, the 
principles of inorganic chemistry, are re- 
quisitioned in the identification and examina- 
tion of inorganic drugs. *'Preparation" has 
passed, to a great extent, out of the hands of 
the retail pharmacist into those of his 
" manufacturing" colleague. This. change 
has been wrought by the exigencies both of 
science and economics. In this department 
physics and engineering play a conspicuous 
part. In recent years great advance has been 
made in the machinery, both from the 
efficiency and from the labour- and time- 
saving point of view. Many laboratories are 
now fitted. with milling machines, hydraulic 
presses, steam-heated evaporating pans, stills, 
vacuum pans, constant temperature ovens 
and baths, emulsifying machines, ointment 
machines, steam-driven mortars, mixers and 
sieves, pill- massing, cutting, rolling and 
coating machines, tablet and capsule-making 
machines. As an example, mills of a modern 
type known as root disintegrators contain 
a chamber in which a set of blunt blades are 
caused to revolve at a high speed within a 
circular metal grid, the root being broken up, 
by repeated violent impacts, into fragments 
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the size of which is determined by the grid. 
Such disintegrators are usually worked by 
electric motors. 

An innovation of the last pharmacopceia, 
affecting “ preparation" considerably, was the 
recognition of the term alcohol as “generic” ; 
the recognition of the valuable solvent pro- 
perties of other alcohols besides ethyl alcohol, 
and of the fact that many extraction processes 
are effected better, or as well, by the use of ethyl 
alcohol of different strengths ; and the institu- 
tion of a gradated series of strengths for this 
alcohol. This necessitates an intimate know- 
ledge of the density of liquids, and of the 
methods of determining the same ; formerly 
an imperfect system of hydrometry was 
deemed sufficient, and a scientific knowledge 
of density was rarely met with. 

Furthermore, the term “ proof spirit" was 
abandoned; this term was instituted when 
the strength of a spirit was determined by 
seeing whether or no a certain amount of 
gunpowder exploded when the spirit was 
poured upon it and a light applied: it is 
reminiscent of the days when a beer was 
examined for added sugar by being poured 
on a wooden bench, and the wet place sat 
upon by a gauger in a pair of leathern 
breeches ; difficulty in rising, on the part of 
the gauger, was considered to be evidence of 
adulteration. The principle that * the boil- 
ing point is a direct function of the pressure," 
is made use of in “ preparation" in many 
ways, notably in the preparation of “ extract 
of malt.” After the ground malt has been 
extracted with water at a definite tempera- 
ture, by maceration in a “ brewer's vat,” the 
clear extract is drawn into a vacuum pan, 
and the water distilled off under diminished 
pressure. Concentration at a low tempera- 
ture 15 necessary, on account of the fact that 
diastase, the ferment of malt, is weakened in 
power by exposure to a temperature higher 
than some 63° C. The vacuum usually em- 
ployed is represented by some twenty-eight 
inches of mercury. ‘The preparation of chem- 
icals, especially of organic chemicals, has of 
late years become an important section of 
pharmaceutical industry. The laboratories 
connected with pharmaceutical houses have 
taken their share in adding to the number of 
these compounds, and increasing existing 
knowledge of those already known. Acetani- 
lide, phenacetin, апа phenazone are official 
drugs, and, with. urotropine (hexamethylene- 
tetramine) and other compounds, are now pre- 
pared in most laboratories. Synthetic organic 
chemistry has entered, too, into the perfume 
industry, and perfumes previously produced 
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only from plants аге now obtained in the 
laboratory from coal-tar products. Progress 
in this direction is necessarily slow; yet, 
already, vanillin, coumarin (the odorous in- 
gredient of the Tonquin bean), heliotropin, 
aubépine or hawthorn, 1onone (artificial 
violet perfume), geraniol, artificial musk, 
artificial neroli, and others, have been pre- 
pared. In most cases the study of the 
natural oil has yielded some organic com- 
pound to which the odour is undoubtedly 
due. A study of the constitution of this 
body has resulted in its synthetic. production. 
In other cases, where no knowledge of the 
chemistry of the natural oil exists, organic 
compounds have been prepared having 
odours more or less closely resembling the 
original. Heliotropin or piperonal is an inter- 
esting and instructive example. It is the 
methylene ether of protocatechuic aldehyde, 
and has been synthesised in two or three 
ways. In commerce, at the present time, it 
is manufactured from safrol by oxidation. 
Safrol, found in the oils of sassafras, camphor, 
etc., the methylene ether of allvl-dioxyben- 
zene, is converted by the action of aleoholic 
alkalies into its isomer, isosafrol, containing 
the propenyl group.  Isosafrol is oxidised by 
means of potassium bichromate and sulphuric 
acid, the mixture distilled in steam, and the 
distillate extracted with ether. ‘The helio- 
tropin so obtained is purified by the use of 
alkaline b:sulphite, Heliotropin is a white 
crystalline compound having a powerful 
odour of heliotrope. Efforts have been made 
during many years to prepare quinine syn- 
thetically. Indeed, one German firm erected 
works for its manufacture, in anticipation of 
a successful method, some dozen years ago: 
as yet, however, the problem remains un- 
solved. "The more thorough study of fats, it 
may be mentioned, and the introduction of 
the methods of hydrolysis by means of super- 
heated steam and distillation in a current of 
steam, have been instrumental in improving 
the quality of glycerine and soaps. ‘The 
method of distillation in steam has been intro- 
duced, too, with advantage, in the extraction 
of the essential oils of flowers and plants, in 
place of the older method of heating the herbs 
in water, directly by a fire. 

The preparation of animal extracts 1s now 
permanent work in pharmaceutical labora- 
tories. At first sight this looks like a “ throw 
back” to the dark ayes; yet the use and 
preparation of these extracts are now based 
on sound scientific principles. ‘The existence 
of certain diseases has been traced in par- 
ticular patients to the non-existence of the 
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necessary secretions of certain glands of the 
human body, namely, the thyroid, thymus, 
supra-renal, etc. Similar glands have been 
taken from calves, sheep, pigs, rabbits, and 
other animals, and preparations of these 
administered with markedly successful results. 
Investigation has resulted in the separation of 
more or less “active principles” from certain 
of these glands: for example, “ adrenaline,” 
from the supra-renal gland and, less definitely, 
“thyroiodine” from the thyroid gland. Such 
“active principles? prove, as a rule, to be 
glucosides, and the method of * fractional 
precipitation " has often been instrumental in 
their separation. Of possible future changes, 
it is to be expected that “ emulsions” will be 
controlled and improved by the application 
of the “theory of emulsions” recently 
advanced, together with the principles of 
"surface tension” and “viscosity.” It is, 
however, in standardisation and analysis that 
pharmacy has made most marked progress. 
Some five of the tinctures of the pharma- 
сорола, and some half-dozen liquid extracts, 
must now be standardised so that they 
contain a specific percentage of one or more 
alkaloids. ‘There exists at the present time, 
in the medical and pharmaceutical professions, 
too much prejudice in favour of tinctures con- 
taining gums, colouring and other extractive 
matter, and all the alkaloids of a drug—in a 
word, what are known as all the “ virtues" of 
the drug—to enable solutions of one pure 
alkaloid to be given a fair therapeutic trial. 
Evidently, however, a knowledge of the 
therapeutic action of specific pure alkaloids 
is of at least as much importance as a know- 
ledge of the therapeutic action of a mixture 
of two or more alkaloids, more or less impure 
at that. The day of standard solutions of 
pure alkaloidal salts must come, therefore, in 
the near future. The introduction of the 
polariscope, the method of fractional distilla- 
tion, and the study of ethers, has created 
a revolution in the examination of essential 
oils in a very limited time. — Adulteration 
had been very rife; it still exists, although to 
a:much smaller extent than formerly. As 
an illustration, turpentine, the favourite adul- 
terant for lemon oil, lowers the optical rota- 
tion of that oil. On noticing this, fractional 
distillation is resorted to, a study of the 
optical rotation of the first fraction reveals 
the presence of turpentine. 

The historic Blaud’s pill has only within 
very recent times been made with sufficient 
care and knowledge to enable the principle 
on which it was designed to be properly 
tested. It is supposed to contain one-fifth 
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of its weight of ferrous carbonate; but as 
the inspectors have been showing recently, 
often did not contain any ferrous salt at ali. 
In examining the pill, it is dissolved (if 
coated, after removal of the coating) in phos- 
phoric acid, and the ferrous iron estimated by 
a standard solution of bichromate of potash. 
Phosphoric acid is used in preference to 
sulphuric acid, on account of the reducing 
action of organic matter in presence 
of the latter acid. ‘The same method 
is applied to the examination of Blaud's 
capsules. 

Speaking generally, the official book enacts 
that the majority of the drugs and prepara- 
tions therein contained must pass certain speci- 
fied chemical and physical tests. Melt- 
ing points, boiling points, specific gravities, 
and optical rotations must be determined ; 
standard volumetric solutions must be pre- 
pared, alkalimetry and ae daci Мола У 
metals, alkaloids, etc., must be estimated. 
To do these things, the operator must study 
the atomic theory, he must understand the 
methods of determining, and uses of mole- 
cular, empirical, and constitutional formulae. 
He must be familiar with chemical actions 
and their expressions in chemical equations : 
in short, he must study chemistry in theory 
and in practice. ‘To obtain confidence in 
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the use of the balance, the polariscope, and 
the microscope, he must study physics ; and if 
he is wise, he will go into mathematics, at 
all events far enough to enable him to ap- 
preciate the principle of the infinitesimal 
calculus, which he will find of great assistance. 

Scientific principles, too, are necessary in 
dispensing ; prescriptions, dispensed without 
certain precautions, give rise to the production 
of poisons. When chloral hydrate, potas- 
sium bromide, and an aromatic elixir are 
dispensed in quantities exceeding ten grains 
of each per drachm of the mixture, and too 
little alcohol is present, butyl-chloral alco- 
holate separates ; wherein lies danger. 

Recent discoveries in physics have operated 
indirectly on pharmaceutical industry. When 
X rays were discovered and their utility in 
surgery was noised abroad, it was to his 
pharmacist or pharmaceutical house that the 
medical man turned for information, apparatus 
and demonstration ; in this country the phar- 
maceutical houses contributed in no small 
measure to the advance of the subject. 
Again, the “high frequency" treatment of 
phthisis, etc., called for knowledge of the 
principles of electricity in the industry. 
Later, the use of radium in cancer, etc., re- 
sulted in a demand to the trade to prepare 
or procure radium salts, and supply them. 


SILICON STEEL FOR MAGNET CORES. 


N the course of the “James Forrest” 
lecture, delivered at the Institution of 
Civil Engineers on April roth, 1905, 
Colonel Crompton said, in relation to 

magnet cores :—‘“‘ When it became of extreme 
importance to minimise eddy currents, we 
found it necessary to mechanically subdivide 
our cores, either by slotting or sawing the 
solid castings, or by forming our magnet 
arms of thin wrought-iron plates, held in 
position by being cast into cast-iron or cast- 
steel yokes. But at this stage we encountered 
an annoying difficulty, which still exists, and 
has been the cause of much disappointment 
and loss. to steel-founders and dynamo- 
builders. I refer to the difficulty in producing 
steel castings for magnets, yokes, and frames 
sufficiently free from blow-holes or porosity 
to ensure that the magnet-core portions are 
of equal density, and, therefore, of sufficiently 
equal magnetic moment. . This diff- 
culty is a real one, and may possibly be met 
by further development of Barrett’s discovery, 
that the addition of silicon in suitable propor- 


tions to cast-iron renders the whole very fusible, 
so that complicated and difficult castings free 
from porosity can be made from it; but, 
in addition, he has shown that we obtain 
reduced hysteresis. It is probable that the 
silicon acts by reducing the combined carbon 
in the iron to the form of carbide, so that 
the pure iron is left with a structural forma- 
tion calculated to give high permeability, as 
it will be in the form of a sponge or network, 
which will give great freedom for molecular 
movement ; moreover, at first sight we might 
think that such pure iron would have the dis- 
advantage of reducing resistivity, which would 
facilitate the formation of eddy currents; yet, 
in practice, this is not so, as although the iron 
has lessened resistivity, the cross-section of the 
filaments of the pure iron sponge are small, 
and, therefore, the mass as a whole has con- 
siderable resistance to these eddy currents. 
Barrett's discoveries, therefore, point in the 
direction from which we may hope to obtain 
considerable improvement in our magnet 
cores." 
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THE EVOLUTION OF THE MACHINE WOOL COMB. 


PART I. 


By ALDRED F. BARKER, Professor of Textile Industries, 
The City of Bradford Technical College. 


N the last article the life and 
inventions of Dr. Cartwright ' 
were dealt with. This article 
will lead directly into the 
Factory System, with the 
personalities of Donisthorpe, 
Heilmann, Lister, the Hol- 

dens, Noble, and others standing boldly out 
as pioneers of machine wool combing. 

It will be well to consider briefly the 
state in which Dr. Cartwright left wool 
combing. His first comb consisted of a 
large vertical cylinder with combs placed 
round the circumference (Fig. 1). This 
was the idea worked upon by Heilmann, 
and is, at present, the basis of all cotton 
combs. His second comb (Fig. 2), known 
in all its forms as “ Big Ben,” had, as a 
main feature, a large circular comb placed 
horizontally with a smaller circular clearing 
comb ; thus most of the motions were 
circular. It is interesting to note that , 
the latest development in wool combs— 
the Noble—is based on circular motion, 
while the lashing-on motion of the Cartwright 
comb was adopted in the square motion 
comb. If the engineer’s standard of a 
machine is adopted, viz., that every motion 
must be circular, it must be admitted that Cart- 
wright approached this ideal in a wonderful 
manner, considering that he, as other inventors 
had previously and have since done, would 
naturally tend to imitate the movements of 
the hand process. Unfortunately, he adopted 
the horizontal position of the pin—just as in 
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Fic. 1.—DR. CARTWRIGHT’S FIRST COMB. 


the fixed hand comb—with a circular motion 
to obtain continuity of work ; and it was left 
to a later inventor to adopt the vertical 
position—the only position which could be 
satisfactory on a circular foundation. 


INTERMEDIATE STAGE BETWEEN CART- 
WRIGHT AND HEILMANN. 


Prior to 1840 Messrs. William Toplis, John 
Hawksley (who used hot air), Wright, John 
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Fic. 2.—DR. CARTWRIGHT’S SECOND COMB. 


Passman, Anthony Amatt (who employed 
separate machines for filling, combing, and 
drawing off), James Noble, Donisthorpe, 
Rawson and Collier, aided in an evolution 
which was to culminate on the one hand in 
the Heilmann comb, and on the other hand in 
the Lister and square motion combs. It 
seems as though the Collier machine (stated 
in the Histoire Documentaire de ? Industrie 
de Mulhouse to be the invention of a man 
named Godard, of Amiens) was the only 
comb that achieved anything like practical 
success, all the other combs requiring too 
much attention, and further, damaging the 
wool which they combed. 


PLATT AND COLLIERS MACHINE. 


The latest form of the Collier comb, known 
under the title of Platt and Collier (Fig. 3), 
consisted of two circles practically representing 
two hand combs. One circle was charged 
with the wool to be combed, then the comb- 
ing operation commenced—the empty comb 
robbing the full comb, this being a gradual 
operation, the circles being slowly moved 
within one another's sphere of action. Finally 
drawing off from both circles, just as in drawing 
off from the two hand combs, was accom- 
plished. ‘The circles were heated by steam. 
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The objections to this comb were that in 
the first place it was an intermittent machine, 
and, consequently, could not compete with a 
continuous machine; but more important 
still, the wool was undoubtedly broken, and 
thus a large amount of noil produced, while 
the straightening of the long fibres to form 
the * top" was not at all satisfactory. 


GEORGE EDWARD DOoNISTHORPE. 


George Edward Donisthorpe was born in 
1810, at Market Bosworth ; in 1835 he was 
associated with Henry 
Rawson in wool 
combing; in 1836 he 
came to Yorkshire, 
and in 1842 brought 
out improvements on 
the Collier machine. 
In 1842-3 Mr. Donis- 
thorpe became asso- 
ciated with Lord 
Masham (then Samuel 
Cunliffe Lister), and 
together they prac- ` 
tically extinguished = o 
hand-combing in this . = Ж. 
country. If tradition 
be right, he was later 
associated with Noble in the bringing out 
of the most useful machine on the market, 
viz., that known by the name of the “ Noble" 
comb. Не died at Harrogate on January 
13th, 1875. There is no doubt that Donis- 
thorpe was a master mind in reference to 
this subject, but as Burnley says, in his work 
on *Wool Combing," * He was too much 
engrossed in the work of invention to avail 
himself to the full of the benefit to be derived 
from that work." What he would have done 
without the more practical mind of Lord 
Masham can well be imagined by the fate 
which overtook Dr. Cartwright and others. 


Josué HEILMANN. 


One of the most important figures in the 
evolution of the machine wool comb now 
appears upon the scene, vis., Josué Heilmann. 
To do justice to his memory would require 
at least much more space than can possibly 
be given here. 

The following particulars are taken from 
the Bulletin de la Société Industrielle de Mul- 
house, the only remaining copy of which has 
been most kindly placed in the hands of the 
writer by the secretary of this society :— 

*On December the 27th, 1848, Henri 
Thierry Koechlin read the obituary notice on 
Heilmann before an assembly of the society. 


Fic. 3.—PLATT AND CoLLIER's COMB. 


He said: ‘In recapitulating the titles that 
Josué Heilmann has acquired in our esteem, 
and in our affection, we recall the numerous 
difficulties which have had to vanquish the 
men engaged at the same time as he in the 
industry ; and those which have succeeded in 
the career will appreciate most justly the 
efforts made by our colleague to advance the 
science of the industry ; they will see these are 
their pioneers, who for them have cleared the 
route now so easy, and they will esteem at 
their real value the genius and the persever- 
ance which have been 
necessary to bring to 
a useful end the crea- 
tions which, looking 
back, may appear of 
small importance. ' " 
Heilmann was born 
in 1796, and his edu- 
cation was directed to 
fit him for becoming 
a merchant. His 
tastes for the manual 
and mechanical arts 
were pronounced at a 
very early age, his 
companions admiring 
the productions of his 
precocious genius. He left the paternal 
house in 1801r, and entered the Institute 
Pestolozzi at Yberdon. Опе day he heard 
a professor say to his students, “One will 
never attain anything great in this world 
if one continually demands, *How much 
will it bring me in?'" These words made 
a great impression upon him, and he acted 
up to them throughout his life. To his great 
pleasure, in 1816 his parents decided to 
commence a small hand-spinning cotton 
factory. ‘To learn this industry he was placed 
in the factory of MM. Tissot and Rey, 
where he at once felt at home. Не worked 
hard, and further became a student at the 
Conservatoire des Arts et Métiers, studying 
physics and mechanics. In 1817 he re- 
turned to Mulhouse, where he took charge of 
the technical part of the concern of Vieux 
Thann. Not being able to produce sufficient 
material from his machines, Heilmann, at 
the age of twenty-two, fitted up a factory of 
10,0co spindles, drawing up the plans and 
particulars and details ; this factory was 
opened in 1819. In 1820 he married the 
daughter of Monsieur Jacques Koechlin ; in 
1823 he began to' study power loom weaving, 
and invented the pulley and groove eccentric 
for commanding the healds. In 1826 he 
commenced improvements in preparing 
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machines for cotton ; and aided, by his wife, 
he invented what is now known as the “ put- 
through" embroidery machine, which obtamed 
for him the gold medal and decoration of 
the Legion of Honour in 1834. In 1830 he 
constructed a vertical loom and a roller tem- 
ple; this temple being probably the original 
of the present roller temple. In 1833 he 
invented a measuring and folding machine, 
and in 1834 attempted to construct a spin- 
ning machine with flexible flver. In 1835 
he devoted himself to silk weaving, and had 
in hand some 240 power looms. About this 
time he brought out a system of transmitting 
power by iron ropes. In 1841 he took out 
French and English patents for weaving at 
the same time two pieces of velvet super- 
imposed and cut by the middle. In 1843 he 
commenced his study of cotton combing— 
apparently starting from the Collier machine 
—-and eventually applied his ideas to wool, 
waste silk and hemp combing. He died on 
November sth, 1848, at the age of fifty-three 
years. The notice concludes in these 
words :—“ Through a series of researches 
made by him in the name of your Committee 
he has made many questions clear, and has 
further given a sane and impartial judgment 
on the documents which to you have been 
submitted.” 


Lorp MASHAM. 


Mr. S. C. Lister appears to have been 
attracted to wool combing at a very early age. 
Thus early realising the prize which would 
go to the man who first practically succeeded 
in combing wool by machinery, he approached 
Mr. Donisthorpe, and in conjunction with 
him, in 1843, succeeded in combing fine 
Botany wool. ‘There is still extant an order 
given about this date for fifty machines of 
his construction. ‘There is no doubt that he 
it was who dealt the death-blow to hand 
combing, and finally placed the worsted in- 
dustry on the basis which has resulted in our 
latter - day prosperity. Although having 
achieved success, he was not satisfied with 
the Cartwright-Donisthorpe machine, and 
thus was led to develop both the “square 
motion" and the “nip” combs. With a 
square motion comb he undoubtedly dealt 
the blow to the hand-combing industry, but 
the latter comb he evidently deemed the 
more practical, and although obliged to pur- 
chase the previous nip patent of Heilmann to 
carry out his ideas to their ultimate issue, he 
hesitated not a moment, but went straight for 
the goal which so many had previously failed 
to reach. 


Technics 


His success is so well known as to require 
no further treatment here. [n the Journal of 
the Society of Arts, for July 2nd, 1886, the 
following notice appears :— 

“The Albert Medal for the present year 
was (with the approval of the President, 
H.R.H. the Prince of Wales) awarded by the 
Council to Mr. Samuel Cunliffe Lister ‘ for 
the services he has rendered to the textile 
industries, especially by the substitution of 
mechanical wool-combing, and by the intro- 
duction and development of a new industry— 
the utilisation of waste silk.’ 

“The Council have been enabled to re- 
cognise for the first time services rendered to 
the textile manufactures, by making this 
award to one who may fairly be said to have 
done more than any other man of the present 
generation to promote the advance of this 
most important branch of British commerce. 

“Though the inventions of Mr. Lister are 
well known to all textile manufacturers, it 
may yet be interesting to place them briefly 
on record here :—In 1847 he was engaged in 
introducing a wool-combing machine into 
England and France for fine wool. In 1850 
he, jointly with the late Mr. Donisthorpe, 
invented. the only wool-combing machine 
which could comb all kinds of wool So 
important was this invention, that, although 
the cost of a single machine was only some 
£300 ог £400, it commanded a royalty of 
4,1000. After years of opposition, Mr. 
Lister's fellow-townsmen of Bradford have 
acknowledged him as a public benefactor, 
and have erected a statue to him in their 
Town Hall (Fig. 4). He embarked the 
whole of the fortune realised by wool-comb- 
ing, in the utilisation of silk waste, that is, 
the waste and refuse made in winding silk from 
the cocoons. He invented machines for comb- 
ing this waste silk and making it up into 
yarn; and then—and this was, perhaps, the 
most important of all his achievements—he 
introduced and perfected velvet looms, by 
which velvets аге now produced in this 
country by machinery. ‘This has, for the 
second time, given a new industry to the 
country, and to Bradford in particular. 
Mr. Listers works at Manningham, for the 
utilisation of this previously waste material, 
cover eleven acres, and are the largest in the 
kingdom, not excluding those of the late 
Sir ‘Titus Salt; they give employment to 
some 4,000 workmen. The annual value of 
the exports of velvet from these works is 
reckoned in hundreds of thousands of pounds, 
which is all created out of what is called 
even to this day, ‘silk waste.’” 
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Sir Isaac HOLDEN. 


Sir Isaac Holden was born on May 7th, 
1807, near Glasgow. The educational advan- 
tages which Scotland then offered its rising 
generation no doubt explain to the full the 
success which attended Sir Isaac’s career. In 
1828 he came to 
Leeds, and about this 
time discovered the 
lucifer match. In 1833 
he, like Heilmann, 
started from the 
Collier wool comb, 
working in conjunc- 
tion with Mr. Robert 
Townend, of Culling- 
worth. From the first 
his inclinations seem 
to have run in favour 
of the square motion. 
He became associated 
with Mr. S. C. Lister 
in 1847, and after 
1848 spent most of 
his time in France at 
the factory they were 
then conjointly start- 
ing at St. Denis. 
Working in a country 
where the Lister .Nip 
was excluded through 
the prevailing Hei- | © 
mann Nip patents, | 
and further, having ` 
distinct feelings to- ADT 
wards the square Fic. 
motion comb, it was 
but natural that he | 
should endeavour to develop this mechanism. 


Possibly the nature of the material — fine. 


short Botany wool—which he had to comb 
also urged him in this direction. Thus it 
may be said that had it not been for the fore- 
going influences, it is very шша. that the 
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square motion comb, with all its details as 
existing to-day, would have been developed. 
As with Lord Masham, there is no need 
to refer further to the success which followed 
his endeavours. The partnership. with Lord 
Masham was severed and, as previously inti- 
mated, Lord Masham turning his attention to 
other equally impor- 
tant textile develop- 
ments, left the field 
for the further 
development of the 
square motion comb 
free to the Holdens. 


JAMES NOBLE. 


James Noble has 
already been men- 
tioned as taking out 
a patent (in 1805); 
28 years later, and 
in the following 
years, he took out 
further patents, and 
in r853 became 
associated with 
Donisthorpe. Noble 
probably received 
most of his instruction 
from Donisthorpe, 
while the success 
which has attended 
the Noble comb 
must also be largely 
attributed to the ad- 
mirable workmanship 
which Messrs. Taylor, 
Wordsworth and 
Company have, from 
the first, put into the machine. 1t did attain 
toa practical success about the sixties, and 
to-day, through a change in circles and other 
adjustments fitting it for combing long, 
medium, or short wool, it is the comb most 
id MODE in the trade. 


PARTICULARS OF MEDALS AWARDED TO DR. CARTWRIGHT. 
(Copied from the actual medals now in possession of the Bradford Corporation.) 


SILVER MEDAL. 


The Rev. E. CARTWRIGHT. 
Arts and Commerce Promoted. 
For his Three-Furrowed Plough. 
MDCCCIII. (1803. 


GOLD MEDAL. 


The Rev. E. Cartwricut, D.D. 
Board of Agriculture. 
Voted Feby. 12, 1805. 


SILVER MEDAL. 


To The Rev. Dr. Epmp. CARTWRIGHT. 
Board of мешш 
Voted May 6, 1806, 


GOLD MEDAL. 
To The Rev. E. Cartwricut, D.D. 
Arts and Commerce Promoted. 
For a Traversing Apparatus. 
MDCCCXVI. (1816). 
GOLD MEDAL. 
To The Rev. E. Cartwricut, D.D. 
For Comparative Experiments 
on Manure 
MDCCCXVIII. (1818*. 
SILVER MEDAL. 
To The Rev. E. CaRTwRIGHT, D.D. 
Board of Agriculturc. 
For Essay on the Means of 
Employing the Poor. 


CUTTING, GRINDING, AND MOUNTING ROCK 
SECTIONS. 


By E. HOWARD ADYE. 


II.--MouNTING SkEcrIONS IN CANADA BALSAM. 


RUDE Canada balsam of com- 
merce is much too viscid 
and apt to be charged with 
impurities to be suitable for 
mounting sections. Its use 
in this form is beset by 

| countless troubles and 
annoyances,including the difficulty of avoiding 
air-bubbles, and the impossibility of making 
the medium set hard so as to hold the section. 
Some authorities recommend baking the 
mounted preparation ; but such a procedure 
is inadmissible, save in exceptional instances. 
Obviously therefore, the Canada balsam 
must be specially prepared for microscopical 
work.  Properly prepared balsam may be 
purchased from some dealers, but the author 
has found it far more satisfactory to make his 
own medium, and strongly advises others 
to do likewise. The following is his 
method, which may be relied upon to give 
uniformly good results : — Purchase, from 
some thoroughly trustworthy source,* a suff- 
cient quantity of the best commercial Canada 
balsam, — say about a quarter of a pound. 
Immerse about two-thirds of the unstoppered 
bottle containing the balsam in a bath ot 
water, and bring the latter to a boil. By this 
time the balsam will have become sufficiently 
mobile to be poured without waste into an 


Fic. 2.—ENAMELLED 
IRON EVAPORATING- 
BASIN, 


Fic. 1.—CoPPER 
WATER-BATH, WITH 
REMOVABLE RINGS 


evaporating basin. The most useful patterns 
of water-bath and evaporating basin are de- 
picted in Figs. тапа 2. Place the evaporating 
basin upon the water-bath, after having 
removed the required number of rings from 
the latter, and continue to boil the water so 
as to permit the uncovered balsam to harden 


* Messrs. Townson and Mercer, of 34, Camomile 
Street, London, К.С.; or Messrs. Baird and Tatlock, 
14, Cross Street, Hatton Garden, London, E.C. 


very gradually as it loses its volatile con- 
stituents: this process may take a few or 
many hours, according to the quality and 
condition of the balsam. Some workers may 
be tempted to expedite matters by heating 
the basin of balsam directly over a Bunsen 
flame or other source of heat; but, apart 
from the liability to an explosion, through 
ignition of the highly inflammable vapours 
given off by the balsam, the latter can scarcely 
fail to be discoloured by charring. By the 
gentler methods of the water-bath, sand-bath, 
or hot-air chamber the balsam will finally 
grow quite hard, when allowed to get cold, 
without appreciable alteration of its colour— 
a pale honey-yellow. 
hardening, samples should be tested from 
time to time, by removing a drop or two, at 
the end of a glass dipping-rod. The drop 
may be allowed to fall on to a piece of paper, 
and immediately thereafter touched by the 
finger-end. If sufficiently hardened, the 
particle ought not to remain sticky ; it should 
be capable of being rolled between the fingers 
into a hard yet tough mass, without being 
brittle. In the latter event, the hardening 
has been overdone, and more fresh balsam 
should accordingly be added to the basin- 
contents. It is essential that the balsam shall 
be hardened to a nicety,—neither under nor 
overdone ; and when this has been accom- 
plished, the balsam may be poured out upon 
a cold glass or other plate, and rolled into 
sticks for future use. 

'The hardened balsam-sticks, when broken 
to pieces, ought next to be placed in a glass- 
stoppered bottle, and covered with sufficient 
rectified benzol to yield a fairly mobile 
solution, about the consistency of an ordinary 
syrup. This solution must be very carefully 
filtered to render it suitable for microscopic 
slide-mounting ; and to that end a hot-water 
funnel (Fig. 3) will be required. This con- 
trivance consists of a glass funnel, encased in 
a metal jacket arranged to hold water. The 
water can thus be heated to any desired 
degree by means of a Bunsen ring clamped 
to a stand, as shown in Fig. 3. To filter tbe 
balsam, a circular sheet of Schleicher and 
Schull’s Rhenish filtering paper, folded into а 
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Fic. 3.—HoT-WATER 
FUNNEL. 


Fic. 4.—CANADA 
BALsAM BOTTLE. 


cone, should be wetted with a little benzol 
and placed in the funnel. The required 
quantity of balsam solution тау then be 
poured in, and the gas circle very gently 
turned on, cautiously ignited, and kept low, 
to prevent an explosion ; — for it must be 
constantly borne in mind that both benzol 
and balsam are highly inflammable. The 
filtrate should be collected and kept in a 
special unstoppered, but glass-capped bottle 
(see Fig. 4), provided with a dipping-rod. 
Canada balsam thus prepared will be found 
the best and most generally useful of media 
for mounting not only rock and kindred 
sections, but a vast variety of permanent 
microscopic objects. ‘The solvent used may 
be varied by a substitution of ether, chloro- 
form or xylol for the benzol; but the benzol 
will be found not only the 
best, but the cheapest and 
most trustworthy for ordinary 
technical operations. Then 
again, the Canada balsam 
itself may be replaced by 
other gums, such as dammar 
and storax for particular 
preparations ; but Canada 
balsam holds its premier 
position on the score of 
all-round utility, by reason 
of its comparatively low 
refractive index, which 
averages approximately 
I' 540. Operators should 
endeavour to determine for 
themselves the refractive in- 
dices of the various media and 
reagents used in microscopical 


Pi. TE work. They will find most 
oF Mounrgp Of these given in the text- 
NeepLes. books on Physics, and in 


some of the best treatises on 
Microscopy ; and, by consulting such works 
and experimenting for themselves, they will 
come to the conclusion that balsam, dissolved 
in benzol as directed above, is without doubt 
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the best medium for rock-section mounting, 
as well as for the mounting of the majority 
of stained and hardened animal and vegetable 
cells and tissues; It is important to appre- 
ciate the optical phenomena due to differences 
in the refractive indices of objects under 
examination. For example, when a thin 
slice of quartz, which has a mean refractive 
index approximating to that of Canada 
balsam, is mounted in that medium, its con- 
tours and surfaces are almost if not quite 
invisible in ordinary light, but the inclusions 
with which it usually abounds are mapped 
out with great clearness, and can therefore 
be studied to advantage. On the other hand, 
when a crystal of olivine is similarly mounted, 
its moderately high index of refraction, 
averaging about 1°68, reveals fairly bold 
outlines, and characteristically roughened 
surfaces; while a minute crystal of zircon, 
which has a very high mean index, is rendered 
conspicuous by its dark boundaries. 

The technical methods to be followed in 
mounting objects in balsam have not been 
recorded in any of the current text-books, 
and are indeed, only known and practised by 
a few of the leading expert slide-mounters of 
to-day. They necessitate the strict observance 
of a general routine to ensure invariably 
successful results, and may be considered 
seriatim as follows :—(I.) Cleaning the slips 
and cover-glasses.  (II.) Placing the pre- 
pared sections or other objects in benzoled 
balsam in the dust-proof cabinet. (IIL.) 
Mounting the preparations in their proper 

r 


Fic. 6.— UsEeFuUrL FORMS OF SECTION-LIFTERS, 
MADE BY MkssRS. BAIRD AND TATLOCK. 


positions on the slips. (1V.) Cleansing, 
sealing, and labelling the finished slides. 

For the present, it will suffice to explain 
the methods indicated above by reverting to 
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the hard rock sections left lying thoroughly 
freed from cement and other impurities in 
an artist’s saucer- palette containing clean 
methylated spirit. These sections should be 
carefully removed (by means of a mounted 
needle, fine camel’s-hair or sable brush, or 
one of the many forms of section-lifters sold 
by dealers in microscopes and their acces- 
sories), and transferred to another saucer- 
palette or watchglass filled with pure benzol, 
and kept covered therein, until wanted for 
mounting. It is necessary to drain off all 
methylated spirit from the section before 
transferring it to the benzol, as these two 


Fic. 7.—USEFUL FORMS or COVERED Grass 
BASINS FOR CLEANING SLIPS AND 
COVER-GLASSES. 


liquids are not easily miscible, and any 
adherent drops of methylated spirit, however 
minute, may at first mar the beauty of the 
mounted preparation, although they will 
gradually become absorbed and disappear. 
"Го drain off superfluous spirit from the section 
on the lifter, or when poised on the edge of 
a mounted needle or brush, the tip of a finger, 
or edge of a snip of blotting-paper, may be 
cautiously applied. 

Microscope slips are supplied in the 
standard sizes of 3 inches by 1 inch, and 
3 inches by тї inch for extra large objects. 
The former are most generally used. "The 
edges should be smooth and the surfaces flat 
and free from blemishes. It is most satisfac- 
tory to use the best quality of extra thin 
white glass slips, guaranteed to be of uniform 
thickness. These are sold at five shillings 
per gross, and do not usually require to be 
specially cleaned. With regard to cover 
glasses, it is most satisfactory to use the best 
quahty of extra thin No. r circles, which are 
usually supplied in standard sizes of 3, i, 1, 
I and 11 inches in diameter, at about five 
shillings per ounce. The best cover-glasses, 
like the best microscope glass-slips, seldom 
need to be specially cleaned ; but, as instances 
sometimes arise where any amount of ordin- 
ary rubbing with damp and afterwards with 
dry silk cannot remove a faint-blue cloudy 
film from the surfaces of slips and covers, 
it is advisable to get into the way of cleaning 
them. Then again, slips and cover-glasses 
that have been used and discarded, on 
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account of a spoiled or faulty preparation, 
can be used over again, after being thoroughly 
cleaned by the following simple plan. Place 
the slips into one, and the cover-glasses into 
another covered glass basin (4 inches in 
diameter by 2 inches deep is a convenient 
size), and pour in sufficient strong sulphuric 
acid to just immerse the glasses within; 
cover the basins, and allow them to stand aside 
for at least a couple of hours. Drain away 
the acid and wash the contents of the basins 
under a running water-tap for a minute or 
two. Drain away the water, and pour in 
enough methylated spirit to cover the glass- 
slips and cover-glasses. After remaining for 
two or three hours in the spirit, the glass 
slips may be removed, wiped dry with a linen 
cloth, and stored for immediate or future 
use. They ought to be briKiantly clean. 
'The cover-glasses require tender handling by 
reason of their fragile nature. ‘They should 
be removed from the spirit, and placed 
separately, one by one, on the special india- 
rubber draining mat shown by Fig. 8. When 
quite dry the cover-glasses should be gathered 
together, wrapped in tissue-paper, and re- 
placed within their original cardboard boxes. 

Immediatelv before use, the cover-glasses 
should be finally re-cleaned. ‘The old- 
fashioned clumsy way of doing this is, 
unfortunately, still taught by most text-book 
writers, and is in vogue at many of our 
university and college laboratories. By it, 
students are directed to take up the delicate 
cover-glass with an old silk pocket-handker- 
chief and rub both surfaces simultaneously 


rFic. 8.—INDIARUBBER MAT FOR DRAINING 
CovER-GLASSES. 


between the thumb and finger. There can 
be no doubt that, by prolonged practice, the 
operator may acquire dexterity sufficient to 
save the majority of the cover-glasses from an 
untimely fate; but, in the face of other far 
simpler and surer methods, the plan cannot 
be recommended. A better method for 
minimising waste through breakages is to use 
the buff-leather pads, sold for that purpose by 
dealers ; but even these would be unhesita- 
tingly discarded when it is known that, for a 
trifling outlay, one can provide himself with 
the main requisite for cleaning cover-glasses 
to perfection, without fear of breaking any 
save defective glasses. All that is needed is 
to purchase a small cutting, say six or twelve 
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inches square, of American oil-cloth from any 
draper, and to lay this down, face-upwards, by. 
one's side upon the operating table ; a better 
plan would be to buy a small cutting of the 
very finest oil-cloth, preferably of a dark 
colour, from some upholsterer, and to fix this 
flat, in place of paper, upon one of Messrs. 
George Rowney's framed drawing boards 
with shifting panel. The method of finally 
cleaning the cover-glasses, without risk 
of breakages, is simplicity itself. Place as 
many of the cover-glasses as are required for 
immediate use (say, half-a-dozen at a time) 
on the surface of the oil-cloth. Breathe 
gently upon them, and with the forefinger 


guarded by a piece of old silk pocket-- 
handkerchief, press upon and rub the glasses ` 


thoroughly clean. The glasses will adhere 


evenly to the perfectly flat oil-cloth, and 
(Zo be continued.) 
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considerable pressure may be exerted without 
the slightest fear of breakage. Indeed, the 
silk rag may be rubbed swiftly to and fro, 
over the surfaces of the whole six glasses, 
with impunity. Now, insert the blunted 
point of a penknife between the cover-glass 
and oil-cloth, and turn the former over. The 
oil-cloth will give way readily to the gentle 
pressure thus exerted, so that the six cover- 
glasses can be rapidly turned, and their 
reverse faces similarly rubbed till quite clean. 
These last cleaned faces are to be used for 
mounting the sections or other objects upon ; 
and the cover-glasses, when removed from 
the cleaning board, should be placed slant 
wise against a rest—the edge of a saucer 
palette—so that any particles of dust from 
the air may not touch or cling to the surface 
upon which the object is to be mounted. 


Modern Theory of Physical Phenomena: Radio- 
activity, Ions, Electrons. By Augusto Righi, Pro- 
fessor of Physics, University of Bologna. Authorised 
translation by Augustus Trowbridge. pp. 165, with 
17 line diagrams. (New York: The Macmillan Co., 
1904). Price §s. net. 


This charming little book is the translation ot 
a chapter added to a work by the author, 
entitled, * Telegrafia senza Filo” (telegraphy 
without wires). It gives, in a simple and un- 
pretentious manner, an account of modern 
theories of the connections between electricity 
and matter, and should prove very welcome to 
those readers who wish to obtain a general 
acquaintance with this subject without going 
deeply into quantitative investigations. The book 
includes seven chapters respectively devoted to 
electrolytic ions andi electrons ; electrons and the 
phenomena of light ; nature of the kathode rays ; 
the ions in gases and solids; radio-activity ; 
mass, velocity, and electric charge of ions and 
electrons ; electrons and the constitution of 
matter. A useful bibliography is appended. 


Practical Methods of Electro-Chemistry. By Р. 
Mollwo Perkin, Ph.D., Head of the Chemistry 
Department, Borough Polytechnic, London. pp. xiii. 
+ 322, with frontispiece (a portrait of Faraday) and 
64 illustrations in the text. (London: Longmans, 
Green and Co., 1905). Price 6s. net. 


During recent times the importance of electro- 
lytic methods, whether for the analysis or 
preparation of substances in the laboratory or 


or commercial production on a large scale, has 
steadily increased. The book before us deals 
only with electrolytic methods on the laboratory 
scale ; it is divided into three parts, each part 
being subdivided into chapters. The first part 


: deals generally with electrical phenomena so far 


as these are of importance in electrolytic investi- 
gations, and includes a description of the various 
instruments and accessories used. The second 
part is devoted to electro-chemical analysis, and 
gives a good account of the quantitative separa- 
tion and determination of the metals. The 
third part deals with electrolytic preparation of 
compounds, including the reduction and oxida- 
tion of organic compounds. Ап appendix deals 
with the preparation of reagents and the use of 
logarithms, and includes tables of five-figure 
logarithms, An index has been added. The 
book is well written, and the printing and illus- 
trations leave nothing to be desired. 


Telegraphy. By Sir W. H. Preece, K.C.B., F.R.S., 
formerly Engineer-in-Chief and Electrician, Post Office 
Telegraphs ; and Sir J. Sivewright, M.A., K.C.M.G. 
Eighteenth impression. pp. xiii. + 504, with 272 
diagrams. (London: Longmans, Green and Co., 
1905). Price 7s. 6d. net. 


This well-known book has been thoroughly 


brought up to date by the authors, and in- 
cludes descriptions of the most modern devices 


used in telegraphy, such as fast-speed recorders, 


automatic translating apparatus for submarine 
circuits, Murray’s improvements in the Wheat- 
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stone automatic apparatus, and the new 
telegraph switching system. The paper insu- 
lated telephone cable is discussed at length. 
A chapter on wireless telegraphy, considered 
both from its theoretical and practical aspects, 
has been added, and will be found very in- 
teresting. An appendix includes the specifica- 
tion of the Engineering Standards Committee 
for copper conductors. 


The Sewage Problem : A review of the evidence 
collected by the Royal Commission on Sewage 
Disposal. By Arthur J. Martin, A.M.Inst.C.E., 
M.R.San.I. pp. xvi. + 363. (London : The Sanitary 
Publishing Co., Ltd., 1905). Price 87. б. net. 

The Royal Commission on Sewage Disposal 
was appointed on May 7th, 1898; since that 
date it has examined many witnesses, visited 
numerous sewage disposal works, and instituted 
various scientific investigations. Four reports 
have been issued, and the work of the Commis- 
sion is not yet completed. For those actively 
interested in the problem of sewage disposal, the 
reports mentioned above contain much informa- 
tion of the highest value, but this information is 
somewhat hard to arrive at, data respecting any 
particular problem or difficulty being scattered 
over 821 pages. Мг. A. J. Martin has, there- 
fore, performed a most useful service in digesting 
the information contained in the reports, and 
compressing it into readable compass. The 
various chapters treat of the purification of 
sewage on land; purification of sewage in 
artificial works ; chemical precipitation ; bac- 
terial disposal of sewage; the need of pre- 
liminary treatment; preliminary bacterial 
processes; comparative values of modes of 
preliminary treatment ; final treatment ; bacterial 
filters ; contact beds; flow filters; filtering 
material; contact beds v. trickling filters ; 
filters v. land; other aspects of the problem ; 
supplementary reports on land treatment, etc. ; 
and the outlook. Mr. Martin’s work has been 
carefully and conscientiously performed, and 
we cordially congratulate him on carrying 
through an arduous task, which 15 sure to prove 
of great service. 


Tools for Engineers and Woodworkers ; including 
Modern Instruments of Measurement, by Joseph 
Horner, A.M.I.Mech.E. рр. xii. 4 340, with 456 
illustrations, (London: Crosby Lockwood and 
Son, 1905). Price gs. net. 

Mr. Horner enjoys a well-earned reputation 
for ability as a writer on engineering subjects, 
and in writing the book before us he appeals to 
a wide public which has shown keen apprecia- 
tion of his former works. For the most part, 
hand tools only are dealt with, although a 
chapter is devoted to lathe tools for metal turn- 
ing. Throughout the book the various aspects 
of the subject are considered from the point of 
view rather of the user than of the designer of 
tools; every tool in common use is described 
and illustrated. Strictly speaking, measuring 
instruments are not tools ; but the author has 
done well to include their description in this 
book, since in all cases accurate work with tools 
must be preceded by accurate measurements 
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with instruments of precision. The numerous 
line drawings used to illustrate the text are 
well executed, and the writing and printing 
leave nothing to be desired. 


A Manual of Quaternions, by Charles Jasper 
Joly, M.A., D.Sc., F.R.S., Sec. R.LA., Royal 
Astronomer of Ireland. pp. xxvii. + 320. (London: 
Macmillan and Co., Limited, 1905). Price 105, net. 


The beautiful system of quaternion analysis 
invented by Sir William Rowan Hamilton has 
scarcely acquired the popularity which might 
reasonably have been predicted for it ; this is 
perhaps due to the fact that Hamilton was a 
metaphysician, and in order to establish some 
of the fundamental properties of quaternions, he 
used trains of reasoning which would hardly 
appeal to the ordinary mathematical or physical 
student. Tait’s book on quaternions also pre- 
sented many difficulties, even to accomplished 
mathematicians; and, besides Hamilton’s and 
Tait’s works, the literature of the subject is 
chiefly confined to a few scattered papers 
published in the proceedings of the various 
learned societies. Dr. Joly’s book will be 
welcomed by mathematical students, both 
because the properties of quaternions are 
deduced by methods presenting no avoidable 
difficulties, and also because numerous examples 
which will serve to test the reader’s knowledge 
of the subject have been added. A vector is 
simply a directed quantity, or a line possessing 
both magnitude and direction. The cardinal 
functions of two vectors a and B are Saf and 
Vaf. The expression — Saf is the product of 
one vector into the projection of the other upon 
it; and VaB denotes a vector perpendicular to 
both a and 8, containing as many units of length 
as there are units of area in the parallelogram of 
which a and B form conterminous sides. The 
product ofthe vector a into the vector B is taken as 


aß = SaB + Vaf. 


This is a guaternion—i.e., the sum of a scalor 
and a vector. 

The properties of quaternions are deduced by 
Dr. Joly in the first twenty pages of his book ; 
the remainder of the treatise is devoted to 
the applications of quaternion analysis to 
geometrical and physical problems ; plane and 
spherical trigonometry, the geometry of the 
straight line, plane, and sphere, differentiation, 
linear and vector functions, quadric surfaces, 
geometry of curves and surfaces, statics, finite 
displacements, strain, dynamics, the operator V, 
projective geometry, and hyperspace aretreated 
in successive chapters. The electromagnetic 
theory is dealt with in a very interesting manner 
in Chapter XVI. We are rather surprised by 
the note on p. 211, in which it is stated that no 
satisfactory name has been proposed for the 
operator V ; we have always understood that 
Hamilton proposed the name #aé/a—the Arabic 
name for a harp—forthis operator. Finally, we 
may confidently recommend Dr. Joly's book to 
those readers who wish to become acquainted 
with, or extend their knowledge of the fascinating 
subject of quaternion analysis. 


Students wishing for the solution of problems, or assistance tn their scientific or technical studies, are invited 


to consult the Editor by letter. Queries 
sender, together with anom de plume for publication. 


should be accompanied by the name and address of the 
Queries obtained from (ext-boo&s or examination papers 
should be accompanied by particulars of the sources from which they are derived, 
before the 10th of the month, to be answered in the next month's issue, 


Queries should reach us 
Each ingutrer is restricted to one 


query per month, 


SYNTHESIS OF PROTEIDS.—What Is the nature 
of the experiments which have been performed to 
synthesise proteid matter ? 


When proteid matter is acted on by dilute 
acids, it yields a very considerable proportion of 
compounds belonging to the class known as 
amino-acids : for example, aminoacetic acid or 
“glycine” NH, CH, CO,H ; aminophenylpro- 
pionic acid CH, CH; CH(NH,)CO,H ; amino- 
succinic acid or “‘aspartic acid” 

CO,H'CH,; CH(NHj): CO,H, 
and others. 

In the past, the efforts of chemists have been 
confined mainly to attempts to prepare con- 
densation products from the simple amino-acids 
of known constitution. Such products were 
obtained from aspartic acid a quarter of a 
century ago, and indefinite compounds, having 
many of the characters of proteid substances, 
were prepared by Schutzenberger ten years 
later, his method consisting in removing the 
elements of water from mixtures of amino-acids 
and urea bv the aid of phosphorus pentoxide. 

In 1894, an amorphous material, which had 
neariy the same ultimate composition as gela- 
tine, was obtained by Lilienfeld from the ethyl 
ester of aminoacetic acid by the use of powerful 
reducing agents. These experiments, although 
no doubt very suggestive, threw little new light 
on the question of the exact structure of the 
proteids, and gave what were almost certainly 
mixtures, and did not lead to the isolation of 
any substances which could be recognised as 
individuals. 

Curtius and, after him, Fischer, have worked 
out methods by means of which it is possible 
for chemists to synthesise, step by step, “ con- 
densed ” amino-acids in a pure state and having 
known constitutions. Опе of the first of these 
was discovered by Curtius in 1881, and was 
obtained by the action of benzoyl chloride on 
the silver salt of aminoacetic acid ; it contained 
the benzoyl group and two aminoacetic acid 
residues, and was thercfore a benzoyl derivative 
of the simplest possible “ dipeptide” 


[СН CO] [ЧН CH,;COJ]'[NH' CH4,'CO,H]. 
Curtius also obtained from ethyl aminoacetate 
an anhydride of aminoacetic acid; this wasfound, 


later, to be an internal anhydride of the simplest 
possible dipeptide, and had the constitution 


NH'CH,CO 
CO'CH,NH 


and from it, by the action of acids, Fischer 
finally succeeded in obtaining the dipeptide 
itself 

NHy;CH,:CO'NH'CH,'CO,H. 

The higher peptides may now, be obtained 
from the lower ones if suitable steps are taken. 
Thus, if NH, X" CO,H and NH, Y: CO,H be 
supposed to represent two peptides from which 
it is proposed to produce the higher condensed 
peptide NH,X'CO'NH'Y'CO,H, the first 
of these may be converted into its “carboxy- 
ethyl” derivative COCH; NH X* CO,H by 
the action of ethyl chlorocarbonate Cl: CO,C,H,, 
a step which is necessary in order to render the 
contained amino-group incapable of taking part 
in the subsequent condensation, The resulting 
compound is then converted into an ester and 
condensed with the ester of the other peptide, 
when the following reaction occurs : 


CO,C,H,; NH:-X'CO,C;H; + NH,'Y' CO,C,H; 
= CO,CH; NH X'CO'NH'Y' CO,C,H; 
+ C,H, OH, 
and a simple derivative of the desired “ poly- 

peptide" is obtained. 

Still later, more convenient methods have 
been worked out by Fischer. Thus a halogen- . 
substituted acid chloride may be made to 
interact with an amino-acid, e.g., 


Cl: CH,’ СН, СО ‘СІ + NH,'CH, COH 
= HCI + Cl’CH,’CO*NH°CH,°CO,H ; 
the resulting halogen compound affords the 


corresponding amino-compound — the “ poly- 
peptide "—by simple treatment with ammonia 


2NH, + CI: CH, CO: NH' CH, CO,H 
= NH,Cl + NH,'CH; CO: NH'CH,'CO,H. 


Great strid:s in other directions, too, have 
been taken, but it is impossible here to yo into 
further details. 


ELECTRONS.—A sphere of radius a is charged 
with g electro-magnetic units of electricity, and is 
set in motion with a velocity 2, Find the increase 
in the inertia of the sphere due to its electric 
charge. 


On p. 423 it is proved that the inertia of 
a single tube of force extending from the surface 
of the sphere to a distance very great in com- 
parison with а is equal to 
xg sint 0 
4та 
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where Ó is the angle that the axis of the tube 
makes with the direction of motion of the 
sphere. From the centre of the sphere describe 
two imaginary cones, of which the generating 


а 


lines respectively make angles of t + = and 


G — $9 with the axis (see p. 422); these 


cones cut off from the surface of the sphere a 
circular strip of breadth a40, and length 
2ra sin 6, so that the area of the strip is equal 
to 27a? sin 0470. The total number of tubes of 
force leaving the charge g is equal to 474/x, 
and therefore the number of tubes leaving unit 
area is equal to 


4ng , 4та?% = T. 
K ка 
Hence the number of tubes leaving the strip 
mentioned above is equal to 


27a? sin 0dÓ x L = 277 sin 046, 
ка к 


and the inertia of these tubes is equal to 


1n? 2 

ко sin’ 209 in 6 = © зіп 610, 
4та к 2a 

and the inertia of all the tubes leaving one-half 

of the sphere between a pole and the equatorial 

section 1s equal to 


—. 


g | "sin? 620 = É | (1 — cos? 6) sin 6:10 
2а 2a 


о о 
т 


2 3 ° 
= 4, EIU 
20 , 3 3a 


Hence the inertia of all the tubes of force 
leaving the sphere is equal to (2g*)/(3a), the 
‚ result obtained by Professor J. J. Thomson. 


Q 
ю 
ю 


CENTRIFUGAL PUMP.—A centrifugal pump de- 
livers 1500 gallons per minute. Fan, 16 inches 
diameter. Lift, 25 feet. Inclination of vanes at 
outer periphery to the tangent, 30°. Find the 
breadth at the outer periphery, that the velocity of 
whirl may be reduced one-half, and also the revo- 
lutions per minute, assuming gross lift 1} times the 
actual lift.—Cotleri/l’s Applied Mechanics, P. 538. 


If Fig. І is regarded as representing a fixed 
pipe through which water is caused to flow in 
a jet delivering W lbs. of water per second at 
a velocity of V feet per second in the direction 


Nan 


RES 


Fic. 1.—CENTRIFUGAL PUMP. 


Technics 


shown, then, representing the component of V 
in the direction of AB by Vy, WVw units of 


momentum per second have been given to the 
water in the direction AB. This will cause a 
reaction of P lbs. in the direction BA, and 
p= “Уж 
& 
because change of momentum per second is 
equal to force. 

If, instead of a fixed pipe, the water issues from 
the fan of a centrifugal pump, as in Fig. 2, with 
a velocity relative to the fan which is represented 
by Ук, then we may find the absolute velocity 
of the water (V4) by adding to Vg the tangential 
velocity of the wheel V4. 

Resolving V, parallel and at right angles to 
the tangent to the wheel, we obtain Vy, which 
rcpresents the velocity of whirl of the water, 
and which is in the same dircction as the motion 
of the whcel. 

If, then, W Ibs. of water per second issue from 


WVw 


the fan, ——™ units of momentum per second 


are generated in the direction of the tangent to 


м- — = — hf oO — — — ed 
|4— 4—4 ү, — =k -Ww Be - -oi 


Fic. 2.—CENTRIFUGAL PUMP. 


the wheel, which will cause a reaction of P lbs., 
tending to retard the movement of the wheel, 


and P = WVy 


Since the velocity of the fan rim is V4 feet per 
second, therefore the retarding force is overcome 
through V4 feet per second, and the work done 
in turning the fan = P x Vy, ft.-lbs. per second, 


МУ» x Ут ft.-lbs. per second. 


s 
According to the data given, the velocity of 
whirl of the water is to be half the tangential 


velocity of the fan rim, or Уу = —. 
| 2 
Hence the work done per second in turning 
c3 7 2 
the fan = “Vr x У; = А 


2, 28 
But the amount of work done in pumping can 
be determined from other considerations, for to 
raise 1500 gallons of water virtually through 
I3 X 25 feet will require 
19:090 x I; X 25 = 9375 ft.-lbs. per second. 


60 
2 
Hence x 


— 9375, 
and therefore V4 — 395 ES 
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үү = 15,000 
бо 
Ут = 49 feet per second. 


If the diameter of the fan is represented by D, 
and the number of revolutions per minute by N, 


„DN = бо Vr; 


боУт_ 60x49 _ 
aD 3°14 X 1°33 кө 

Let V4 denote the tangential velocity of the 
water relative to the wheel. 

In order to find Vs, we may suppose the wheel 
to be brought to rest by adding to its tangential 
velocity Ут an equal velocity in the opposite 
direction, 222., — Vy. If ~ Ут be also added to 


250 lbs. per second, hence 


therefore N = 


the water, the relative velocities are not affected. 


Hence Vs = Vw = Vr. 

As the water issues from the fan it has a 
velocity along the vane (represented by Vp), 
which is the resultant of Vg and the radial 
velocity Vg. 

Since the direction ot Уһ is inclined at 30? to 
that of Vs, and Vs in the present case equals 


E: in magnitude, then Vp = У tan 30°, 


_ Since Ут = 49 feet per second, and tan 30° 
577, then Vp = 14 feet per second. 
df the width of the fan at the outer periphery 
is represented by w, then the area of issue of 
the water = m Dzo, and if Q = number of cubic 
feet discharged per second, Q = трт. 
250 


Hence w = sDV? and since Q = T = 4 
cubic feet, then w = — 4 н 
3'14 X 1°33 х 14 
= 0'068 feet 


or o*8r inches. 


CONIC SECTIONS.—Why is it that, whereas in 
Euclid the converses of propositions are proved at 
length, in Geometrical Conies they are invariably 
stated without any proof whatever ? Is there any 
à priori reason for this apparent omission ? 

. Ноу would you demonstrate the following :— 

L., '* If we have any two fixed straight lines OA, OB, 
and if from a point Q the line QV be drawn parallel 
to OB to meet ОА in V ; then, if Q move in such а 
manner that QV? varies as OV, the point Q will 
describe a parabola, of which OA is a diameter, 
and OB the tangent at the extremity of that 
diameter.”—(C. Smith, p. 54). 


The omission of the proof of the converse 
proposition does not depend on any profound 
general principle, but must be regarded as an 
idiosyncrasy of the author of the book. It 
would be natural, however, for him to assume 
that when a student has reached the Stage of 
studying geometrical conics, he (the student) 
probably possesses sufficient intelligence to 
supply the proof for himself. Whether the 
assumption is in all cases well founded is not 
for us to say. 

The rider set is a direct consequence of the 
proposition established on page 54 of “ Smith's 
Geometrical Conics," viz., that the square of the 
ordinate of any diameter is in a constant ratio 


4TT 


to the intersept of the diameter. If inquirer 
will substitute the line OA for PK, and the line 
OB for PV in the figure given there, he will no 
doubt be able to complete the solution. 


EQUATION.—Solve the equation 


tan (r cot 6) = cot (я tan 0). 
Since 


tan A — cot B = _ cos (А + B) 


cos А sin В” 
the given equation can be thrown into the form 
tan (л cot 6) — cot (m tan б) 
_ cos { т (tan 0 + cot0)] _ 
cos (т cot 6) sin (r tan 6) | 


Since the quantity in the denominator can 
never be equal to infinity, we may discard it, 
and solve the equation 

cos { т (tan 8 + cot 0) } = o. 


For this to be true, | 
T (tan Ó + cot 0) = x 


a+ 
2 


7, 


where z is an integer, positive or negative, 


Р 2 _ 20 +1 
ee T, 
"onza 2 
or sin2 = 4 . 
253 +1 


Since a sine cannot have a value greater than 
unity, the values of аге limited to 2, 3,4, 5, . . . 
and —3,—4, — 5,... which give the following 
values of 0 :— 

п = 2, sin 20 = 0'8, 2 0 = 54° еур ё = 27^. 
n= 3, sin 20—0'571, 20= 35? (nearly), 6=17° 5. 
п = 4, sin 26 = 0444, 20 — 26? (nearly \ ө eg 
etc., etc. 

н = — 3, sin 20 = — 0'8, 20 = — 54° (nearly), 


0 = — 27°, 
п = — 4, sin 20 = — 0'571, 20 = — 35° (nearly), 
Ө = — 17755, etc., etc. 


Since the original equation still holds good if 
we substitute (zr t 0) for 0, where # is any 
integer, the remaining roots of the equation can 
be found by substituting the values of @ already 
found in the expression (и x 180 + б)°. 


MECHANICS.—A pulley block is suspendod from a 
peg by a loop of cord passing round it, of such 
length that the straight portions next the peg 
make angies a with the vertical. The block is 
divided along a vertical diameter into two halves, 
which rest against each other. Show that when 
the weight of the block and the load suspended 
from it is W, the two halves of the block are 
pressed together with a force 


iW (sec a + tan a). 
—London University, Inter. B.Sc., 1899. 

Let T be the tension of the cord; then, 
resolving the forces acting on the peg vertically, 
we have | 

“2Т|соза=[\У/; 
«A T = (W sec а)/2. 
The tension must have the same value in all 
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parts of the cord. The horizontal forces acting 
on one half of the block are: (1) The pressure 
P between it and the other half of the block. 
(2) The tension T acting horizontally at the 
lower end of the division between the blocks. 
(3) The horizontal component of the tension T 
of the string where it leaves the block ; since at 


this point T is inclined at an angle (7 Е 6) 


to the horizontal, the required horizontal com- 
ponent is T sin 6. n for equilibrium 


P=T+T sin@= — W (sec a + tan а). 
THEORY OF EQUATIONS.—If ` 
xt+y+2+4+u=0, 
ах? j by? + cz! : au? = о, 
I I = 
x(a? - 2) T a Tae а a) u(d? =) ms 
abe + bcd + сда + abd 


, 


where 2 = - 


а+ ё +с+а 
prove that 


A" ((a + e - (a- 6") + "f(b + 0)" - (6- e") 
Hefe o - (07a) dan( d o - (4-д"} = o. 
— Royal University of Ireland, Yst Exam. in Honours, 
1903. 

The expressions 
(1 20(а — e)}{1 — y6(6 — e)) x 
(1 — zé(c — e)J(1 — u0(d — e)J 


(1 -—20(a+e)}{1 — у0(0 + с)} x 
(1 — 20(c + e)}{1 — u0(d  e)) 
will be equal for all values of б, provided 
Zi(a — е) = Bra ce) . . . (1) 
Zxy(a — е)(0 — е) = Zxy(a--ey0 + е) . (2) 
Zxyz(a — e) — )(с — е) 
= ZXxyz(a + eó + е)(с + е). . (3) 


and (a — e)(6 — e)(e — е)(а — е) 
= (ate + )(6 + (4+) . (4) 
(1) gives >Угхг=лхл+у+5+=о . . (5) 


(2) gives Zxy(a + 2) = о, or Bar? — ZavZExv = o. 
. Hence, from (5), 
Zar? = ад? + by? + сг? + ан? = о . (6) 
abe + abd + acd + bcd _ 
|^ atb+et+a 
Dividing the left-hand side of (3) by 
rysu(a — e)(b — е)(с — ed — е), 
and the right-hand side by the equal quantity 


(4) gives 2 + ———— =о. (7) 


xyzu(a + е)(0 + е)(с + е)(а + e), 
we obtain 
I I 
S = 5 a 
x(a — €) x(a + е) 
І I I 
Y ofa “ He e К уф e 


Ө ЖУ Ip 
z(c* — e^ 


uld? — е) = 
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Hence, if (5), (6), (7), and (8) hold, we obtain 
{1 — 20(а —e)}{1 — vaio — e)j 
{1 — x6(a + e)}{1 — y6(? + е)} 
{1 — z6(c — e)}{1 — uO(d — e)} — 
(1 — zé(c + e))(1 — ué(d + 2)} 
Thus the logarithm of this quantity is equal 
to zero, for all values of Ө. Expanding each 


` factor in the form 


log.(1 — £ = - >26, 
and equating the coeficient of " to zero, we 
obtain the required result. 


INTEGRATION. —Prove that the areas of the two 

loops of the curve 

7? - 2ar cos 0 - Bar + 9a? = 0 
are (32r + 244/ 3)a? and (16r - 24 4/3)a'. 
—(£awards’ Integral Calculus, p. 182.) 

The graph of the equation is not difficult to 
draw; it will be found to consist of two oval 
curves, having 0 = п, r= 3a as а common 
point, and one oval lying entirely within the 
other. Also the initial line is an axis of 
symmetry. From the theory of quadratics we 
have, if 7, and r, denote the two values of 7 to 
any value 0 

ri +7 = 2a(4 + cos 0), 
rir, = 9а. 

Hence 
retry + yr, = 
r, refers to the larger oval, 


given by A, = | r dð. 
о 


Similarly А, = | 746. 


Непсе 


А6: + 8 cos 6 + cos? 8) 
and its area 15 


A, +A, +2 Í 717,00 


= м |. ("6 + 8 cos 0 + 1+ соз 20a ; 


“А + A, + 18a’9 = 4a*(16 + Dm; 
~ A, + A, = 48ла?, 
Again 
(ri — £r)? = 44*(7 + 8 cos 0 + cos? 6) 


= да? ( 16 cos? i — 4 sin? d c cost $ ) 
= 16a? (4 _ gine’ Jes в 
2 2’ 
and remembering that 7, > 7, 
0 P ИЖЕ г 
да cos зл / (4 sin * ) 
and rz, + 7, = E — 2 sin? £ ) ; 


71 rue re 


a ip? 


= 8a? que y (i set). cos © 


and.A, -Ac [e rè — rd. 


кү о 


Answers to Queries 


Let sin # = asin ф. 
When 0 = о, ф = о, and when 6 = т, 
sin $ = i and ф = 


We have then 


ON 3 


% 
A, – A, = буг | (5 — 8 sin? $) cos? фаф 


= saa | + cos 2ф) — (1 — cos 49); d$ 


64a (3. d +5sin 7+! sin =} 


A, — A, = a*(16m + 484/ 3). 


Also A, + А, = 48na*, 
Hence А, = (321 + 244 3)а* 
and A, = (16m — 244/3)a*. 


GEOMETRY. —In а given circle inscribe an 
isosceles triangle, whose equal sides produced if 
necessary shall pass through two given points. 


The problem does not admit of a purely 
Euclidian solution. 

Looked at analytically, the problem is as 
follows :—Find the locus of a point such that 
the line joining it to a fixed point always bisects 
-the angle between the lines joining it to two 
other given fixed points, and determine the 
pone of intersection of the locus and a circle 

aving the first fixed point as centre. 

By taking the first fixed point O as origin, 
and the axis of x through the mid-point of the 
line joining the other two given points A and B, 
the equation to the locus is in its simplest form, 
viz.: 


а (х* уу = (2° — JP) hk — ху (è — P + P), 
Where a is the distance of O from the mid- 
point of AB, and (a A, k), (a — h, &) the 
co-ordinates of A and B. 

The equation is a cubic having the origin as 
a double point, А and B are points on the curve, 
and the curve has intinite branches. 


amm %® © on 
p es iP 
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The locus is, however, most easily drawn 
from geometrical considerations, vëz., it must 
be the locus of the intersections of tangents 
drawn from A and В to all the circles having 
the given point O as centre. | 

The subjoined sketch was constructed as 
above, and gives a notion of the kind of locus 
for points O, A, B, relatively situated as shown. 

The locus being drawn, the isosceles triangles 
are easily constructed by joining the points of 
intersection of given circle to the points A 
and B. 

From the figure, it is evident that if radius ot 
circle be less than the smaller of OA and OB, 
four isosceles triangles DEF, LMN, PQR, VST 
are possible. If the radius is greater than this, 
two triangles (never less) are possible. 

In the special case in which А and B are 
situated symmetrically with regard to O, the 
locus consists of a circle and a straight line, as 
can be seen from the equation and from the 
graphical construction. For this a purely 
Euclidian construction is easily made. 

The infinite branches of the locus are 
asymptotic to a straight line whose equation 
can be found by ordinary algebraic means. 


GEARING.—Please inform me how to design and 
generate the teeth on bevel gears which are helical 
or ** scroll," instead of radial. Also what advantage 
have such pairs of bevels over ordinary ones ? 


If it were required to design a mechanism 
which would correctly form the teeth of ordinary 
straight-toothed bevel wheels, then such an 
arrangement as is shown in Fig. 1 would answer 
this purpose. The line AB represents the axis 
of a fixed spindle upon which the bevel wheel is 
rigidly attached. At the end B of the spindle 
is a socket in which a pin can revolve, but is not 
free to move along the axis AB. The projecting 
end of the pin is forked and a transverse pin 
CD passes through еуез in the fork and con- 
nects a cranked bar EB to the forked spindle. 
The cranked bar is square in section and carries 
a tool holder F which may be slid along the 
straight part of the crank. The tool is so shaped 
and fixed that the tool-point always moves along 
the axis EB. The end E of the bar EB is cut 
away to allow the centre line of the bar EB to 
pass through some point in the contour of a 
fixed former plate or template СН. Ву moving 
the point of contact between the bar and the 
template completely down one curved edge of 
the template, the face and flank of one side of 
the whecl tooth will be generated by the axis 
EB. If then the bar be fixed with the point of 
contact in the highest possible position and the 
tool-holder slid along the bar, the tool point will 
trace a line in the working surface of the tooth. 
Withdrawing the tool, shifting the point of 
contact a little lower, and again causing the 
tool-holder to traverse the bar, will give a second 
line, and this cycle of operations may be repeated 
until the complete surface has been generated. 
By turning the tool box and the contact finger 
round, the other side of the tooth may be formed 
in |a similar manner. If a dividing plate is 
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attached to the fixed spindle AB successive teeth 
may be formed. It should be noted that in all 
positions the axis EB passed through the fixed 
point B in the axis AB. 

Suppose now it were required to modify the 
mechanism in order to obtam a helical, instead 
of a straight tooth, then it would be necessary to 
cause the tool to move along the bar at a per- 
fectly uniform speed, and simultaneously cause 
the wheel to turn round the axis AB with a 
uniform angular velocity. At the same moment 
that the tool point has completed half its 
traverse the angular motion of the wheel must 
be reversed in direction, and continue at the 
same rate as previously until the end of the cut. 

It is not suggested that this mechanism should 
actually be applied to shape helical wheel teeth, 
although machines for cutting straight teeth on 
bevel wheels are made on the principle first 
described, but the conception of the mechanism 
will enable the form of helical bevel wheel teeth 
to be understood. 

The actual construction of these wheels is 
generally carried out by means of a moulding 
machine, and for this purpose a tooth block 
which consists essentially of a model of a pair 
of tceth is needed. 

Owing to the difficulty of generating their 
rather complicated shape, these models are 
rarely constructed with a high degree of accu- 
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racy. If carefully carried out, the following 
method will result in a vety close approximation 
to a perfectly formed tooth. 

In Fig. 2 (a) and (4) a tooth block is shown 
upon which two straight teeth of a bevel wheel 
are formed. It is assumed that the principles 
of formation of these teeth, as also that of the 
template GH in Fig. 1, are already understood. 
If not, the necessary information may be gained 
from a text-book of machine drawing, such as 
that by Messrs. Bevis and Low. Assuming 
definite data for these teeth, suchras their length, 
contour, pitch, and pitch circle diameter, let it 
be required to produce teeth similar in all res- 
pects except that the required teeth are to be of 
helical form. Referring to Fig. t, the line JA 
may be regarded as the centre line of the end 
of a tooth produced to meet AB, the axis of the 
wheel. If numerous lines parallel to JA are 
drawn to meet AB in a similar fashion, and all 
are revolved about AB in such a way as to keep 
the angle F constant, then each tooth will be 
divided into a large number of slightly curved 
slices. If these slices are indefinitely thin, all 
of them, except the ones at each end, may be 
displaced in a manner which will result in the 
same form as if they were produced by the 
mechanism described. 

In the actual model this may be approximated 
to as follows. Instead of cutting each tooth out 
of a single piece of material, let a number of 
parallel slices be prepared as in Fig. 2 (а), one · 
joint being exactly midway along the tooth. 
The shapes of the ends are set out (but with a 
modification to be afterwards described), and the 
ruled surfaces of a straight tooth formed. The. 
slices are then separated, each опе is given the 
necessary displacement, and all are firmly 
cemented to each other and to the foundation 
block. Strictly, the joints between the sections 
should be curved, but in most cases a very small 
error will be introduced by making them plane. 
At this stage the various sections produce a 
coarsely stepped tooth with the actual section 
required at the commencement of cach step. If 
now the projecting parts of the tooth are 
smoothed off, so that the known accurate sec- - 
tions are joined by a smooth curved surface, 
then the desired form will be attained. 


a 
NE 
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In Fig. 2 (с) the shaded area is a projection 
of the space on the tooth block which is covered 
by the tooth, so that a horizontal line across 
this space at any part gives the width of the 
base of the tooth at that place. In Fig. 2 (d) 
the arc CD may be regarded as a plan of the 
line AB. Then if the tooth is divided into six 
sections as shown, the distance CD, which is the 
amount of rake given to the tooth (referred to 
the maximum diameter of the wheel), is set off 
and divided into three equal arcs, that is, just 
half the number of sections. From the division 
points lines are drawn across the tooth block 
surface to the apex of the pitch cone. Horizon- 
tal lines drawn upon the block give the inter- 
sections of the joints of the sections with the 
block surface. The small circles- show the 
successive positions of the joint centres of each 
intersection, and the lengths of the successive 
lines of intersection, such as EF, GH, may then 
be transferred to the diagram (d J If from the 
ends of these lines, lines are now drawn to the 

apex of the pitch cone, the shaded 
4c area in diagram (d) shows the final 
positions of the tooth sections. 

By drawing smooth curves 
through the re-entering angles of 
the shaded figure it becomes evi- 
dent that if the original straight 

s D tooth were .made with correct 
lateral dimensions, then the 
finished tooth will, after cutting 
away the projecting parts, be far 
too small in its lateral dimensions. 
The error will decrease as the 
number of sections is greater, 

Fic. 3. diminishing to O when the num- 

GEARING, Der is infinite. Hence the modifi- 

cation in making the straight tooth 
which was previously referred to. This is shown 
in Fig. 3, which represents the large end of a 
tooth. AC is made equal to one of the small 
‘arcs along CD in Fig. 2 (d) and the lines AB, 
CD radiate from a centre corresponding to the 
point A in Fig. І. The shaded part will then 
compensate for the smoothing off of the pro- 
jecting parts. 

The rake given to the tooth should be rather 
more than the pitch, in order that when the 
tooth js in gear there will always be two points 
of contact between pairs of teeth in the plane 
which contains the axes of the shafts. This 
‚ will ensure the wheels answering the purpose 
for which the helical form is adopted, véz.: the 
reduction to a minimum of noise and vibration 
in running. 

It is important to note when a pair of these 
wheels are made to gear together, that if the 
large part of the tooth on one wheel is made 
with a right-hand twist, then the large part of 
the tooth on the other wheel must have a left- 
hand twist. Hence a pair of mitre wheels 
cannot be moulded from the same tooth models, 
as is the case with straight tecth, 


BEAM.—A plank twenty-four feet long, and of 
uniform cross section, is floating in stil] water. It 
carries two welghts, each of 56 lbs., at six feet 


maximum values of these quantities. 


from either end. Draw diagrams of shearing force 
and bending moment on the plank. Read off the 
Board of 
Education, Practical Plane and Solid Geometry, 
Stage TIL., 1904. 


Since the plank is of uniform section and is 
symmetrically loaded, every point in the lower 
surface 1s submerged to the same depth, and 
therefore the hydrostatic pressure is uniformly 
distributed over that surface, The forces keep- 
ing the plank in equilibrium are then as shown 
in Fig. 1, the sum of the upward pressures 
being equal to the sum of the two weights. The 
upward pressure to which each foot of length of 
the plank is subjected may be denoted by «v. 

In order to obtain а more typical case than 
the given data afford, Figs. r, 2, and 3 are 
drawn with the weights nearer to the ends than 
is stated, but equidistant from the centre of the 
beam and equal to each other. 

Referring to Fig. 2, let R be the resultant 
pressure upon that part of the plank lying 
between one of the weights and the end of the 
plank, and let а denote half the distance between 
the two weights. Since the downward forces 
equal the total upward pressure, each weight 
may be expressed as R + wa. 

Taking any section, such as CD, between E 
and O (O being the centre of the plank), we 
may, by considering the forces acting on the 
left of the section, express the bending moment 
at CD as 


w (a — y) x Z — wa (а — у) + RÀ. 


A bending moment is to be considered 
positive if it tends to rotate the part on the left 
of the scctibn relatively to the part on the right 
of the section in a clockwise direction. The 
third term does not vary for any section within 
the limits of the points E and F, since it 
expresses a couple. 

The above expression may be re-stated as 


(а — у)? — wa? + way + R4. 


If now (a — у)? is expanded, and the terms of 
the complete expression summed up, we shall 
obtain 


Bending moment at CD = = у? - = а? + Кё. 

The second term on the right-hand side is 
constant, as well as the third, since neither w 
nor а varies. 

In Fig. 3, let AB be a datum line whose 
length represents that of the plank, and let the 
length of the vertical intercept between AB and 
the curved line represent to scale the bending 
moment at the section through which it is drawn. 

Then, measuring positive quantities in an 
upward, and negative quantities in a downward 
direction, M represents the bending moment at 
CD, and, being below the datum line, it must be 
negative, The curved line is clearly due to the 


10 
variable term ~ 29^, and, since 2 is constant, it 


must be a Sarabals with O as vertex, and ON 
as axis. 


3Q 
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At the centre of the plank у= О, and the 
value of the term wr is therefore O. 

At the point E (Fig. 2) y = a, and therefore 
= y= E а?, from which we obtain the point P 


in the curve. — 

If a section be considered, such as TU in 
Fig. r, which does not lie between the two 
weights, then, referring to the same figure, the 
bending moment may be expressed as 


wy x? = IA. 


Hence the curved line QB in Fig. 3 is also a 
parabola, having B as vertex, and RB as axis, 


and, when y = c, > y? = Rb (for c= 2b, and 
R = we). 
therefore 


At the end of the beam y = o, and 
VU а 
-7 =o. 


Hence the points Q and B in Fig. 3 are 
determined. 


The numerical values of Sa and Кё being 


found and set off to scale as in Fig. 3, the 
curves may be drawn geometrically, as shown 
in Fig. 4. 

The distances OS and SP are each divided 
into the same number of equal parts. At each 
dividing point in OS, a vertical line is drawn, 
and from each dividing point in SP a line is 
drawn to O. Taking ‘the order of the points 
from O to S and from S to P, the intersection 
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of the lines proceeding from corresponding 
points will give a point in the curve, for if in 


. Fig. 5 ^ represents the number of parts in each 


line, and the intersection of the lines drawn 
from the mth point in each series is considered, 


we have 
l 
kA =. and as PS = ky? 


1 
But " =Z., and therefore 
п Уу 


VU =F x T Apt = Куу, 


which proves that V is à point in the parabola. 
So far, the ponien has been treated generally, 
symmetrical oading only being assumed, but in 
working out the particular case which is stated 
we get w = 4$ lbs., a = 6 ft, Е = 6 x 43 lbs. 


and 4 = 3 ft. From these data Sa = 841b.-ft., 


and Rå = 84 lb.-ft. 


Кё for 
the particular case, the actual diagram will 
P 


Since, then, 3 20 а? = 


| 
| 
| 
| 
| 
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have the form given in Fig. 6, from which we 
see at once that the maximum bending moment 
is 84 lb.-ft, and that it occurs at the two 
sections through which the vertical centre lines 
of the weights pass. 

Shearing force is considered to be positive, if 
the resultant. force acting upon the part on the 
left of the section regarded tends to cause that 
part to rise relatively to the part on the right of 
the section. 

At any section between A and E in Fi Ig. 7, 
such as that at CD, the shearing force— which 
may be denoted by S—will have the value 
w X y, and since w is constant, the curve of 
shearing force for this part is a straight line. 
At the end of the plank y = o, and therefore 
S =o. Taking the section on the left of E, but 
indefinitely near to it, y = c, and S = w x c. 

At the section on the right of E, but 
indefinitely near to it, 5 = «c — W. At any 
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section between E and F, S = we + wr — W. 
If z =a, S = we + wa — W = o, and hence 
there is no shearing force at the centre. 

Taking the section on the left of F, but 
indefinitely near, v = 24, and 


S = we + 2wa — W = wa. 


To the right of the section, and close to it, 
$ = та – № = – шс. Proceeding from this 
point to the end of the beam, S = wx! — we, 
and when at the end of the beam z! =с, 5 = О. 

Taking AB in Fig. 8 as a datum line, and 
setting off these quantities to scale, we obtain 
the straight line curves of shearing force, from 
which,the value of S may be read off at any 
point. From the curve it is evident that the 
greatest shearing force occurs at E and F, and 
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in the particular case given it has the same 
magnitude on either side of the section, since 
с= а. This is numerically equal to 28 lbs., 
since c = а = 6 ft., and w = 4} lbs. per ft., but 
on one side of each section S 15 positive, whilst 
on the other it is negative. 


GRAPHIC SOLUTION. —I shall be glad if you will 
give me a graphic solution of the following :— 
Given a line AB divided at C, & second line ED, 
and an arbitrary angle y, find a point F on ED such 
that 


E F ' "oM SE D. 
where а 4- В = 7. 


Let AC-a/ CB-4, Ер = 2 FD =>, EF 
=с- 7. 3 
We have then to find 7 and a, where these 
quantities are connected by the equations 
a-(c—r)cosa .... (i) 
àÓ-rcos(y-a) .... (i) 
Considering ғ and a as the polar coordinates 
of a point, we see that the second equation 
represents a straight line distant 4 from the 
origin, the L” on the line from the origin (д) 
making an angle y with the initial line (Fig. 1). 
In rectangular coordinates we have 
rcosa = т,» Sina = y, and hence 
b = xcos y + y sin y. 
Equation (i) represents the “conchoid” of 


Nicomedes (c. B.C. 150) ; in mixed rectangular 
and polar coordinates we have 


Or 22 с 


This equation enables us to construct the curve. 
For let O A (Fig. 2) be the initial line, then set 
off a distance а in the negative direction ; from 
the point thus found as centre describe a circle 
of radius c, from the origin draw a line OP 
parallel to any radius B Q, cutting the ordinate 
ОМ at P. Then P is a point on the conchoid. 
As the radius B Q revolves, P will trace out the 
conchoid. 

This way of looking at the conchoid gives an 
easy way of constructing the curve continuously. 
For B and О being fixed points, by joining ВО) 
and ОР by a bar of length a (the ends of the bar 
being pin-jointed to B Q and O P), we ensure 
O P being always parallel to BQ; if then a 
pencil P can slide along the rod P, P, a set 
square Q M, pushing Q round the semicircle 
will cause P to describe the conchoid. 

Another way of describing the curve can be 
derived as follows : writing — x for x we get 
r r-—a. 

r E 
hence draw a line | to initial line at a distance 
а from origin ; draw any ray through origin, and 
set off from its intersection with the fixed line, 
a segment с in both directions. The locus of 
the points:thus:determined is the conchoid. 
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The intersections of the line 
б = x cosy +ysin у 


with the conchoid 
| x xd 


r c 


will give the various values of апа a possible. 
Of course all values of a greater than y are 
inadmissible. How many solutions there are to 
the problem depends on the magnitude of a, 4, c, 
and y. For instance, the adjoining sketch 
(which is not drawn to scale) of the curve shows 
that for y = 9o? there may be 2, 1, or no values 
of r. As figured, OA and ОВ are the two 
values of 7. 

A list of modern instruments for drawing the 
curve may be found in Dyck’s “ Katalog der 
Münchener Mathematischer Ausstellung von 


1893." 


4 
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NAVAL ARCHITECTURE. —Having given the pro- 
Jection of the centre line of hawse pipe in sheer 
and half breadth plans, and the diameter of the 
pipe, show how to obtain the development of the 
tine in which the surface of the hawse pipe meets 
the outer surface of the bow plating. — Question 89, 
Naval Architecture Honours, Part [/., 1900. 
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This is a particular case of the problem in 
descriptive geometry to find the intersection of a 
right circular cylinder with a given surface. 

In the figure the surface for convenience is 
taken so that the sections A.B. - - + - F and 
the level lines 1.2.3. - - - - II. are straight in 
body and in the half breadth. The projections 
of the centre of pipe are aT and a's. respectively. 

Draw the sides of cylinder in plan 2X, cP, and 
also a convenient number of parallels QR - - - 
V.W. Project the intersection of the surface of: 
ship with vertical planes P.Q.R. etc., on to a 
new vertical plane perpendicular to the horizon- 
tal projection aT, These intersections will be 
curved as shown. In this new vertical plane 
draw the axis of cylinder making angle 0 with 
upright ( being the angle the axis of cylinder 
makes with upright). Draw also sides of cylinder. 
On base aa draw semicircle, and draw dotted 
lines same distance from centre as S.R.Q. 
U.V.W. Where these lines cut semicircle will 
give projections in the new vertical plane of 
intersection of vertical planes Q.R. - - with 
the surface of cylinder. Pick out corresponding 
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lines. aT in plan is plan of top and bottom of 
cylinder. These are in elevation the extreme 
lines of cylinder. Thus gv and s¢ are elevations 
of $Q and ZW in plan. Corresponding inter- 
sections of these lines on cylinder surface with 
ship's surface can then be picked out in the new 
vertical plane. Thus я where gr meets curve 
W is a spot in new elevation, and so on from 
which elevation may be drawn Z»of. This can 
be transferred to plan by picking out intersections 
with level lines 4°5 etc. The plan of intersection 
can then be transferred into the original elevation 
in the ordinary way, and this is the elevation of 
the hole. We thus have a line given in plan 
and elevation, and we can obtain the develop- 
ment by projecting over to the body and then 
expanding fore and aft, the true length on each 
level line being given in the half breadth and 
expanding on each vertical section, the true 
length being given on the sections іп the body. 


B.Sc.—-Kindly recommend a suitable course of 
reading for the London B.Sc. (Final) in Pure and 
Applied Mathematics. 


(1) Pure Mathematics. 
Hall and Knight’s Higher Algebra, omitting 
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the last part of the chapter on convergency 
and divergency of series, and the chapters on 
recurring continued fractions, indeterminate 
кеде of the second degree, general theory 
of continued fractions, probability, and most of 
that on the theory of numbers. 

In trigonometry, supposing a thorough know- 
ledge of Hall and Knight's Elementary Book, it 
would be sufficient to work through the last part 
of Lachlan and Fletcher's * Elements of Trigo- 
nometry.” The usual book is, however, Lock's 
Higher Trigonometry ; it contains far more 
than necessary. 


In geometry, some work such as Cockshott . 


and Walters! Conics, or Wilson's Conics (the 
latter would really be sufficient) should be 
mastered, and in addition, parts of Russell’s 
Elementary , Treatise on Риге Geometry 
(roughly speaking, Chapters I.-V., IX, XI. 
XIV. XV. and XXIV. should be quite 
sufficient). Part III. of Budden's Elementary 
Pure Geometry contains nearly enough, so that 
this is recommended if the other works are at 
hand for reference. 

For analytical geometry, C. Smith's Conic 
Sections is the best book. The chapters on 
trilinear and tangential equations and on 
general systems. of conics, and the parts on 
involution and reciprocal polars may be 
omitted. 

Edwards! Differential Calculus for Beginners 
should be thoroughly known, and very little of 
it can be safely omitted. 

Edwards! Integral Calculus for Beginners 
contains a good deal more than is neces- 
sary. 

(In working examples from Edwards’ books, 
those towards the end of each set of exercises 
may usually be omitted; their solution often 


nes on some algebraical or trigonometrical 
trick. 

Most of the first six chapters should be 
mastered ; a general knowledge of Chapter 
VII. would be sufficient. Chapters IX., X, 
and XI. on Lengths, Areas, and Volumes, 
must be known, with the exception perhaps of 
those parts on pedals. 

The rest of the book may be omitted. 

(2) Mixed Mathematics. 

Either MacGregor's Kinematics and Dynamics 
or Loney’s Statics and Dynamics, and Loney’s 
Elementary Dynamics must be known well. 
MacGregor’s book is in many ways preferable, 
but too diffuse. As a knowledge of the appli- 
cation of the calculus to mechanics is now 
necessary, the above must be supplemented by 
either Besant’s, Routh’s, or Love’s Dynamics, 
In Besant’s Dynamics, the following parts 
would be found amply sufficient: §§ 3-15, 22, 
30, 32, 35-55, 58-68, 72-75, 78, 79, 81-83, 
101—108, 136-141, 212, 217, 219, 220, 222, 225, 
239-245, 247, 250, 260, 261. 

It would be as well also to supplement the 
Statics already known by reading the articles 
on the general equilibrium of forces and on 
inextensible strings in Todhunter's or Minchin's 
Statics, 

For hydrostatics, Besant’s Elementary Book 
will probably be sufficient ; the evasions of the 
calculus can easily be replaced by the direct 
calculus method. 

For “Vectors and Rotors,” the little work 
under that title by Professor Henrici, F.R.S., 
and G. C. Turner should be consulted, as it 
contains the application to graphical statics, 


` Most of the purely geometrical part may be 


omitted. Examples for graphical statics occur 
also in Loney and MacGregor. 
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MATHEMATICS.— Please let me know the best 
books on the following subjects; the standard 
being the Cambridge Mathematical Tripos :— 


1. Differential and Integral Calculus. 
* Edwards’ Differential Calculus for Beginners" 
(Macmillan, 4s. 6d.). 
“ Edwards’ Integral Calculus for Beginners ” 
(Macmillan, 4s. 6d.). 
In addition, “ Greenhill’s Calculus” (Mac- 
millan, 10s. 6d.) should be consulted. 


2. Differential Equation. 

А good deal of the theory of ordinary differ- 
ential equations is contained in “ Edwards’ 
Calculus." For more advanced work in ordinary 
and in partial differential equations, “ Forsyth's 
Treatise on Differential Equations" (Macmillan, 
145.) is necessary. 

3. Analytical Solid Geometry. 

* C. Smith's Solid Geometry? (Macmillan, 
gs. 6d.), or “ Aldis’ Solid Geometry ” (Deighton, 
Bell, 6s). The latter really contains quite 
sufficient for all ordinary purposes, and is easier. 


4. Modern Algebra. 

* Chrystal's Algebra,” Part I. (Sonnenschein, 
Ios. 6d.) is the really modern one, but is some- 
what diffuse, and students find difficulty in 
getting a real grip of it. 

* C, Smith's Algebra? (Macmillan, 7s. 6d.) is 
excellent, but the book that finds most favour is 
“Hall and Knights Higher Algebra" (Mac- 
millan, 7s. 6d.). 

5. Theory of Equations. 

Burnside and Panton (Dublin University 
Press), 12s. 6d.; London agents: Longmans, 
Green, and Co. 


6. Universal Algebra and Non-Euclidian 
Geometry. 

* Whitehcad’s Treatise on Universal Algebra, 
with Applications” (Cambridge University 
Press) This work is of an advanced character. 
If by non-Euclidian geometry is simply meant 
modern or projective geometry, it would be best 
to read the article by Professor Henrici, F.R.5., 
on geometry, in the “ Encyclopedia Britannica ” 
(Edition IX.), and then ‘*Cremona’s Projective 
Geometry” (Clarendon Press, 12s. 6d.) The 
usually read Oxford book on modern geometry 
is “Russels Elementary Treatise on Pure 
Geometry” (Clarendon Press, 105. 6d.): it is 
much easier to read. 


ANALYSIS. — What is the best book on the 
chemical analysis of oils and varnishes ? 


The best book on this subject is ‘Chemical 
Technology and Analysis of Oils, Fats and 
Waxes.” By Dr. J. Lewkowitsch (Macmillan 
and Co., 1905). Price 36s. net. 


POLYGON.—What are the best books on the 
following branches of mathematics, suitable for an 
engineer requiring advanced mathematical know- 
ledge ?-— 

1. Differential Equations. — A Treatise on 
Differential Equations, by A. R. Forsyth (Mac- 
millan and Co.).. 
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2. Elliptic Functions.—An elementary account 
of these will be found in Todhunter’s Integral 
Calculus (Macmillan and Co.), pp. 201-210. 

3. Fourter’s Analysts, Spherical and Ellip- 
sotdal Harmonics, and Bessel Functions.—“ An 
elementary treatise on Fourier’s Series, and 
spherical, cylindrical, and ellipsoidal harmonics, 
with application to problems in mathematical 
physics" Ву W. E. Byerly (Ginn and Co., 
Boston, U.S.A.). 

4. Calculus of Finite Differences.—“ A treatise 
on the calculus of Finite Differences,” by G. 
Boole (Macmillan and Co.). 

5. Calculus of Vartations.—A chapter on this 
subject will be found in Todhunter’s Integral 
Calculus (Macmillan and Co.), pp. 322-372. 
See also Researches in the Calculus of Variations, 
by Todhunter (Macmillan and Co.). 

6. Applications of Conjugate Functions, See 
Lamb’s Treatise on the Motion of Fluids. 

7. Determinants.— Ап elementary aceovunt of 
determinants is given in * The Elements of Co- 
ordinate Geometry," by S. L. Loney (Macmillan 
and Co). The standard work is * The Theory 
of Determinants," by R. F. Scott and G. B. 
Mathews (Cambridge University Press). Price 
9s. net. 

For other subjects, see answers to “B.Sc.” 
and “ Mathematics.” 


CHEMISTRY.—Discuss the structural formula of 
carbon monoxide. 


A constitutional formula, if it is to be at all 
acceptable, should be capable of explaining the 
principal reactions of the compound it repre- 
sents ; but in framing it due regard must be paid 
to generalisations which appear to hold in other 
compounds containing the same elements. 

Constitutional formulz were first employed to 
explain certain apparently general laws regu- 
lating the composition and structure of carbon 
compounds, and it has been found almost 
invariably possible to represent these with 
quadrivalent carbon. On this assumption, if 
the oxygen atom is divalent, the formula em- 
ployed for carbon monoxide must be written as 


CC=Oor 2€ = О, formulz which really in- 


volve the view that the carbon is here acting as 
a divalent element; hence the formule may 
both be expressed as C=O, the fact that the 
carbon may become quadrivalent by uniting 
with certain other atoms or groups being here 
implicitly understood, as is the similar property 
of the nitrogen atom in ammonia, which is 


H H 
usually written bd and not 
H 
H Ны. 
H-ZN-,or H—SND. 
H^ , H^ 


The alternative view is that the carbon acts 
in its normal way as a quadrivalent element, 
but that the oxygen atom is also quadrivalent : 
thus, С == О, ‘There is, perhaps, less to re- 
commend this than the other hypothesis, for 
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although of late years a considerable weight of 
evidence has led to a fairly general belief that 
oxygen may behave as a quadrivalent element, 
yet this is apparently only the case when the 
product is salt-like in character, eg., in the 


CH H 
“ oxonium " salts such as D dw , and 
CH, Cl 


in this respect quadrivalent oxygen is exactly 
analogous to quinquivalent nitrogen, which is 
found in the ammonium and diazonium salts. 
Returning, for this reason, to the first formula 
suggested, it becomes worth while to enquire 
(а) whether the properties of carbon monoxide 
are in accordance with the requirements of the 
formula, and (7) whether any other compounds 
of carbon are known, in which evidence of the 
presence of divalent carbon can be discovered. 
With regard to the first point, it may be said 
that inallthe reactions in which carbon monoxide 
combines directly with other compounds, it is 
to the carbon atom alone .that addition ap- 
pears to take place. Thus, with oxygen and 
chlorine, the products are O:C:O and СІ,С = О, 
and a number of others might also be cited. 
With reference to the second point, there is a 
good dcal of evidence in favour of the existence 
of other compounds containing divalent carbon, 
and chemists are indebted to Nef for most ot 
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our information on this point. He has pointed 
out, for example, that the " carbylamines" (or 
* isocyanides ”) contain a carbon atom which is 
very prone to attach itself directly to other 
atoms or groups, and it is now becoming 
customary to write the formule of these com- 
pounds with the group —N=C. The older 
method of representing this group, namely, 
as —N==C, did not so readily explain the 
special reactivity of the carbon atom, and, 
moreover, required the assumption that there 
was a quinquivalent nitrogen atom present, 
although the compounds had none of the 
characters of salts. 

In a similar way, it has become a common 
practice to represent the metallic cyanides as 
having the same group, e.g, K-N=C (which 
may be regarded as the potassium derivative of 
the imide of carbon monoxide H — N = C), whilst 
the fulminates are also written as derivatives of 
the oxime of carbon monoxide H'O'N =C. 
There is experimental justification for these 
assumptions, but considerations of space pre- 
vent the insertion of details here. 

In conclusion, then, there appears to be more 
evidence in favour of the formula C=O for 
carbon monoxide than for any other which can 
be suggested on the lines generally followed in 
framing structural formulae. 


To the Editor of TECHNICS. 


DEAR SIR,—The following method of dealing 
with the integrals already evaluated in your 
columns seems to me much more intelligible and 
interesting than making random substitutions :- - 


т {апт = зап х 
Т ЭЛ ue GC) запт. 
Я sec х + ап х - sec x-Fcos x 
т rsinr 
(1) reduces to к лр 
E Т + 51п 2 


Б К 
(2) reduces to Em dx 
I + cos’ + 
о 


, Тһе symmetry of the sine and cosine graphs 
suggests shifting the origin to the middle of the 
range O to sr. 


Hence, putting x = 2 + Lm 
S 


(1) becomes— 


d т 
т [з cosz "7 gcoss 
= ane — dz + dz. 
2 I + cos 2 I+ cosz2 
-F e -r 
2 2 


(2) becomes— 


* x 
m [2 COSZ `2 2С05 $ 
— ——— ^) das D 
2 I+ sin^z I + sin^ 2 
v.m olm 
2 n 


Now a glance at the sine and cosine graphs 
shows that cos 2, (1 + cos z), and (т + sin?z) are 
7 
2? 
therefore for every negative value of z, and 
theretore of 

2 С052 
I + COs 2 


all positive throughout the range — А to + 


COS 2 

1 + sin’ 2 

between the limits— ^. and o, there is an equal 
2 


one T 
positive value between o and... 


Hence 


are each equal to zero. 
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L;Thus (1) becomes— 


т (^ cosa / т [(' I ] : 
-= 15 = — I — az 
2 |. I +cosz 2]. I d-cos 2 


2 2 
т 
2 
2 
2 
кыЛ сш [ tan 2] 
2 2 
-т 
2 
л? 
= – ~ т 
2 


(2) becomes 
т 
т 2 
*a 3 . 
ш d | dg EX (sin 2 | 
2 1+ sin^z 2 
-r - т 
2 2 
which, with the usual restriction on ќап-1, is 


Yours etc., 
G. AIMER RUSSELL. 


2 
equal to Z. 
1 4 


4, Manse Street, 
Kilmarnock, Scotland. 
28th March, 1905. 


To the Editor of TECHNICS. 


DEAR SIR,—In the current number of 
TECHNICS, an error, I fancy, appears in the 
description of Threlfall’s apparatus on p. v. of 
* Industrial Progress," as also on p. 303. The 
statement that 


v'-2gh, or Bx2gh, 


applies -only when the fluid possessing the... 


velocity v is the same as that having the 
difference of level 4. If v refer to air, and Å 
be measured by water, 
2g 
vlIES 
where d denotes the density of air relatively to 
water. Or, adopting Stanton's correction, 


dal 
d 
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With congratulations on the excellence of the 
magazine, I am, 
Yours faithfully, 
W. R. KELSEY. 
Divary Cottage, 
Taunton. 
11th April, 1905. 


To the Editor of TECHNICS, 


DEFECTS IN TIMBER. 


SIR,—On page 168 of your February issue 
Mr. Busbridge gives an illustration (Fig. 9) of a 
“Transverse Shake," and accounts for it by 
assuming that the tree, in its earlier life, had 
been subjected during a hurricane to excessive 
bending stress, and that the fibres may have 
been severcd on the tension side or crushed on the 
compression side. From experiments on timber 
struts, carried out recently by some students in 
the mechanical engineering laboratory here, it 
appears that this is the common appearance 
ofthe material in the neighbourhood where failure 
begins. The excessive stress produces what 
appears to be a wrinkling of the material in the 
locality of failure. 

This is probably due to the failure ofthe walls 
of the cells (in compression) without severance 
of the fibres, thus permitting a slight lateral 
movement and producing the appearance of 
wrinkling. 

I am inclined to think that the “ transverse 
shake" occurs on the compressed side of the 
trec, because if the fibres were severed on the 
side in tension, the strength of the tree to resist 
bending would be so much reduced as to 
produce breakage. If wrinkling occurred as in 
a piece in compression, the tree would probably 
not break in two parts unless longitudinal 
splitting occurred simultaneously ; this we find 
is the last stage in the strut’s destruction. 

Yours truly, 
W. W. F. PULLEN. 

South-Western Polytechnic, 

Manresa Road, Chelsea, 
London, S.W. 
6th April, 1905. 
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Director of the National Physical Laboratory. 
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R. R. T. GLAZEBROOK was 
born on September 18th, 
1854, being the eldest son of 
Mr. Nicholas Smith Glaze- 
brook, of Liverpool. He 
was educated at Liverpool 
College, and Trinity College, 
Cambridge, and wrangled fifth in 1876. He 
became a Fellow of Trinity College, Cam- 
bridge, in 1877, Senior Bursar in 
1895, and for several years held 
the position of Assistant Director 
of the Cavendish Laboratory, 
Cambridge. Mr. Glazebrook 
took an active part in the determination 
of the electrical standards which are to-day 
used throughout the world. In 1898 he was 
appointed Principal of University College, 
Liverpool, and in the following year became 
Director of the National Physical Laboratory, 
Bushy House, Teddington; the valuable 
services rendered to the technical industries 
by that institution testify to his ability as an 
organiser of research. Мт. Glazebrook has 
contributed a great number of papers on 
mathematical and physical subjects to the 
learned societies, and his books on various 
branches of physics are well known to 
students. 

The Optical Convention, which was opened 
at the end of May, owes its origin in great 
part to the interest taken by Mr. Glazebrook 
in the optical industries of this country. The 
remarkable advances effected in the past by 
Continental firms, such as Zeiss and Schott, 
of Jena, have tended to obscure the very 
real progress recently made in this country. 
Manufacturers of the United Kingdom have 
always been noted for the sound work put 
into the instruments they made; in the past 
their chief failing has arisen as a natural 
result of their early success, together with the 
idea engendered in such circumstances that, 


Mr. 
Glazebrook 
and the 
Optical 
Convention 


having attained to a position of eminence 
and world-wide renown, further research as 
an aid to improved methods 15 unnecessary. 
A brief account of the exhibits at the Optical 
Convention, which will be found elsewhere 
in this issue, shows that the optical industries 
of the United Kingdom now compare favour- 
ably with those in foreign countries. It is 
satisfactory to find that Messrs. Chance are 
now in a position to make any kind of glass, 
so that optical instrument manufacturers will 
no longer have to go abroad for this. It 
may be stated with confidence that many 
instruments exhibited, such as those designed 
and made by Sir Howard Grubb, F.R.S., are 
quite unequalled by anything made abroad. 
There are many cases in which it is necessary 
to make a rough survey under conditions 
which render speed of the utmost importance ; 
in such cases Sir Howard Grubb's instruments 
are simply invaluable, and their sphere of 
usefulness will doubtless become even greater 
with the progress of time. 


Ir is with the greatest regret that we hear 
of the death of Mr. Robert Holden Housman, 
which occurred at Bath, at the 
residence of the deceased gentle- us n 
man's sister, on "Tuesday, May Housman 
2nd. The following obituary 
notice is copied from the Birmingham Daily 
Post; we understand that it was written by 
Professor J. H. Poynting, F.R.S., who was a 
personal friend of the deceased. 

Mr. Housman came to Bath to stay at the 
residence of his brother-in-law (Mr. E. W. 
Symons, head- master of King Edward's 
School), for Easter. On Friday, April 28th, 
he went out with one of his four nephews on 
a roving expedition, and in the course of it 
waded through water. A chill was the result, 
and, acute inflammation developing, death 
ensued after only thrce days' illness. 

оа 
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The deceased gentleman was the second 
son of Mr. Edward Housman, of Perry Hall, 
Bromsgrove. He was educated at Sydney 
College, Bath, and at Bromsgrove School. In 
1882 he entered Mason College, being one of 
the first students in engineering ; and at the 
end of his course he was made one of the first 
associates of the college, a distinction which 
led to the degree of B.Sc., which was conferred 
on him in 1901, when the college was merged 
into the University. On leaving Mason 
College Mr. Housman was, for some years, 
with Messrs. Chamberlain and Hookham, 
where he obtained valuable experience in 
dynamo and general electrical work, and later 
he was engagedin similar 
work in London. In 
1895 he was elected to 
the newly-created post 
of lecturer on electrical 
engineering at Mason 
College, and he estab- 
lished and organised the 
laboratory in electrical 
engineering, which 15 
now to be under the 
care of Professor Kapp, 
at Bournbrook. While 
at Mason College he 
devised,at the same time 
as Mr. Kapp, the well- 
known Kapp-Housman 
test for separating the 
“no-load” losses which 
occur in dynamo 
machinery. Up to the 
time of his death he 
took an interest in tech- 
nical electricity, and was 
an active member of 
the local branch of the ' 
Institution of Electrical 
Engineers, and a mem- 
ber of the committee. 

After holding the 
lectureship for three years, he resigned it when 
he was appointed scientific adviser to Kynoch’s 
in 1898. Here he was able to take upa study 
for which he had always had great enthusiasm 
—the study of “ ballistics,” or the theory and 
practice of ammunition and shooting. He was 
an excellent shot ; during his ten years’ mem- 
bership of the 2nd Worcester Volunteers he 
was champion shot of his company seven 
times, of his battalion three times, three- 
counties champion once, and for some years 
he held the Martini record with 102. He 
had always taken great interest in the theory 
as well as the practice of shooting, and 
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had already carried out a series of experi- 
ments. At Kynoch’s he found the opportunity 
to continue his favourite pursuit, and with 
most remarkable ability and experimental 
skill he devised methods of measuring the 
pressure of the powder and the velocity of 
the bullet at every point in its course along 
the barrel of a rifle. Some of the results 
he drew from his experiments have been 
published.* Only lately he devised an im- 
provement in the composition and form of 
cordite, which led to a most marked increase 
in the muzzle velocity of the o*303 bullet 
of the Service rifle. It is very much to be 
regretted that he had great difficulty — a 
difficulty which he 
seldom overcame — in 
preparing his work for 
publication. What he 
has published gives a 
very inadequate idea of 
his ability—an ability 
that was only known 
and fully recognised 
by his intimate friends. 
To them it was ever 
surprising to find how 
easily he seized on the 
essential points in any 
scientific problem, how 
clearly he grasped the 
question, and how 
readily he thought of 
the means of finding a 
solution. А talk with 
him on any technical or 
physical subject was 
most stimulating, and his 
scientific friends could 
always be sure of 
sympathetic and helpful 
advice. He was a man 
of wide culture outside 
his scientific pursuits, 
and his personal 
qualities won him the respect and warm 
regard of his colleagues at the Mason College, 
and later at Kynoch's. 


[Geo. Newnes, Lid. 


HEUSLER's discovery that a magnetic 
alloy can be produced by mixing copper, 
manganese, aluminium and other 


metals together is being followed — Heuslers 
up by the staff of the Reichs- ee 


anstalt: a paper by E. Gumlich 


* «The Ballistics of Modern Rifles,” by R. H. 
Housman. TECHNICS, No. 13, January, 1905; 
Nos. 14 and 15, April and May, 1905; апа the 
current issue, pp. 500 to 502. 
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was published in the EZecfzofechutsche Zeitschrift 
for March znd. Two alloys have been 
studied, their composition being as follows :-— 


| 
‚ Copper. , Manganese. ! Aluminium. , Lead. 
eal, OPES ERE ЕЭ RS UNE 
Percent. | Per cent. Per cent. | Per cent. 
Alloy I. 61°5 | 235 15 o'I 


Alloy Е 6777 | 20°5 , 172 


Alloy I. was brittle, but alloy II. could be 
worked easily. А magnetising field of 160 
c.g.s. units produced an induction B equal to 
4270 c.g.s. units in alloy L, and 3120 in 
alloy II. ‘The maximum permeability of 
both alloys is about equal to that of good 
cast iron; it increases with age, and may 
become nearly equal to that of cast steel. 

On the other hand, the maximum permea- 
bility corresponds to a low magnetic induction. 
For B = 1100, the value of p is 1200: 
for B = 3000 the value of д has fallen to 
35. The hysteresis loss, for the maximum 
values of B given above, was 7560 ergs per 
с.с. for I., and from 250 to 1500 ergs per 
c.c. for II. The values of Steinmetz’s 
hysteresis coefficient were о 'от17 for I., and 
0°003 for II. 


SoME interesting photometric tests of street 
lamps have recently been carried out by the 
staff of the National Physical 

Photometry J aboratory. Two streets in 
"Lamps Teddington had been equipped 
Street Lamps Heron na CEM ецырреч; 
one with gas lamps and the other 

with electric incandescent lamps. The gas 
lamps consumed 4 to 4: cubic feet of gas per 
hour, and were fitted with “С” burners and 
ordinary incandescent mantles. "The electric 
lamps were of the Nernst vertical filament 
“ A" type, and the Nernst Luna type, each 
taking nominally o*5 ampere at 240 volts, 
or 120 watts. Тһе two systems were 
compared by measuring the illuminations 
produced at a height of 5 feet above the 
ground, and at a distance of 7 feet from the 
respective lamp-posts. Experiments showed 
that the illuminations at greater distances 


from the lamps bore the same ratio as those ` 


at the above distances. As a result, it was 
found that to. produce o'5 candle-foot 
illumination (Ze, an illumination equal to 
half of that at a foot distance from a standard 
candle) 8:2 cubic feet of gas were required 
to be burnt per hour, while о 'о98 B. T.U's. 
were required for the Nernst Luna lamps, and 
o'17 B.T.U's. for the Nernst vertical filament 
lamps. ‘The cost of the gas illumination 
with gas at 2s. 6d. per гооо cubic feet would 
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be о* 2464. per hour, while that of the electric 
light, with electricity at 4°5d. per B.T.U., 
would range from o':441d. per hour for the 
Nernst Luna, to о'7564. per hour for the 
Nernst vertical filament lamp. Of course, 
the relative values of electricity and gas vary 
considerably in different districts, but the 
above may be taken as fair average figures. 
In carrying out these tests, a portable 
Simmance-Abady “ flicker” photometer was 
used. In this the photometer head and the 
standard lamp are fixed; the latter is a 
standardised electric. incandescent lamp, of 
2 candle-power at 1o volts, to which 
current is supplied by a portable battery 
of accumulators ; and by varying the voltage 
across the lamp terminals, the candle-power 
can be varied over a wide range. The 
lamp had previously been calibrated, its 
candle-power for a number of voltages was 
determined experimentally, and a curve con- 
necting voltage and candle-power was plotted. 


Ах important paper on the design of boiler 
furnaces was read by Mr. D. B. Morison, 
before the North-East Coast In- Strength 
stitution of Engineers, on April of 
14th, 1905. The furnace 15 ап im- Boiler 
portant factor of boiler efficiency Furaces 
—about 60 per cent. of the total steam being 
generated from its surface—and its collapse 
is almost invariably attended by so serious 
a wastage of capital that the principles 
and practical conditions affecting its correct 
design, and the maintenance of the highest 
attainable strength and efficiency in actual 
work, are well worthy of the serious considera- 
tion of those responsible for its performance. 

The Board of ‘Trade, Lloyd’s Registry, and 
other registration societies assign strength- 
values to various types of furnaces by subl- 
jecting them to external hydraulic pressure, 
until collapse takes place. ‘The furnace to be 
tested is rivetted into a strong steel cylinder 
(Fig. 1), the space between the outer surface 
of the furnace and the inner surface of the 
cylinder being filled with cold water, the 
pressure of which is raised until the furnace 
collapses, and from this result a coefficient 
of resistance to collapse is obtained by the 
following formula :— 


PxD 
T 

P = collapsing pressure in lbs. per sq. in. 

D = outside diameter of furnace in inches. 

T = thickness in inches. 


= collapsing cocfficient. 


These collapsing coefficients are accepted 
by boiler manufacturers, shipowners, and 


Fic. 1.—Fox FURNACE IN TESTING APPARATUS. 


others as correctly indicating the compara- 
tive strength-values of the various types of 
furnaces, and are used by designers in calcu- 
lating thickness. 

An important factor which does not appear 
in this calculation is the strength of the 
material. ‘The range of tensile strength 
allowed by the Board of ‘Trade, Lloyd's, 
and Bureau Veritas is from 26 to 30 tons 
per square inch, but the British Corporation 
require 25 to 29 tons. In calculating the 
comparative resistance to collapse from cold 
water destructive tests, one definite mean 
value of the tensile strength should be taken, 
as a most untrustworthy comparison would 
result if one type of furnace made of 26 tons 
steel were compared with another type of 
30 tons, and a coefficient assigned to each 
without any adjustnient for the difference of 
four tons in the tensile strength. The limit 
thickness allowed for furnaces by all the 
surveys 1s three-quarters of an inch. ‘The 
object of the designer is to obtain the greatest 
ultimate resistance to collapse for a given 
thickness, whilst that of the responsible ad- 
visers of the various registration societies 
would seem to be maximum safety when in 
use in a boiler, and a trustworthy compara- 
tive adjustment of collapsing coefficients for 
the guidance of manufacturers and users. 

Mr. Morison strongly urged that the 
ultimate strength of a boiler furnace cannot 
be determined by the cold water destructive 
test; the fact that designs, which were 
awarded high constants, have been com- 
pletely displaced in practice by other designs 
to which practically the same values were 
given, would seem to justify this conten- 
tion. The tests carried out by the Board of 
Trade, Lloyd's Registry, and other registra- 
tion societies, only determine the resistance 
to collapse of a clean, cold tube when 
subjected to the pressure of cold water. 
“xperience has proved this to be an entirely 
untrustworthy measure of the strength of the 
same tube when used in a boiler under actual 
working conditions, and such tests cannot 


correctly determine the relative strength 
values in actual work of different designs. 
It is granted that this method of testing is 
necessary and instructive ; but to assign to a 
tube a strength value derived from a test 
under conditions bearing no resemblance to 
those to which it will be subjected when in 
use as a boiler furnace, may be dangerously 
misleading to those who are accustomed to 
accept the regulations of the controlling 
bodies without investigation. 


THE strength value of a furnace can be 
estimated only by its behaviour when in use 
in a boiler under severe condi- 


tions of work. If the wall of a Cause of 
: lw le d Collapse of 
furnace were always clean and a ~ Boilers 


good conductor of heat, so that 

the temperature of the metal never largely 
exceeded the temperature of the steam, then 
the furnace would never deform, because in 
that condition it would be capable of with- 
standing (according to Board of Trade 
regulations) about five times the load which 
could ever be imposed upon it by the steam 
pressure. ‘Therefore, a furnace deforms or. 
collapses only when a portion of its wall 
becomes so overheated as to reduce the 
strength of the metal by an amount which 
renders it incapable of resisting the pressure 
to which it is subjected ; and it follows that 
the safety of a furnace does not depend so 
much upon the strength theoretically deriv- 
able from any particular form of tube, as 
upon the ability of that form to minimize the 
possibility of local overheating and to safely 
withstand the weakening effect of overheating, 
should it by any chance occur. It 1s, con- 
sequently, possible for a tube to be of great 
strength when subjected to cold water ex- 
ternal pressure, and yet be practically a 
failure as a furnace in a boiler. 


THE various types of cylindrical furnaces 
may be divided into the following classes :— 
I. Plain cylindrical tubes, 


straight in longitudinal section Types 
: of 
throughout their length. Кака 


2. Plain cylindrical tubes, 
strengthened by flanges, hoops, corrugations, 
or ribs, at intervals throughout their length. 

3. Furnaces wholly curvilinear throughout 
their length. 

Corrugated furnaces of all types enable 
large diameters to be employed, and the 
diameter of the furnace has a direct influence 
on the efficiency of a boiler. At present, the 
strength coefficient granted by the Board of 
Trade, etc., is constant for all diameters, but 
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the tendency to deform, occasionally shown 
by furnaces of large diameter, especially under 
forced draught, seems to indicate that a more 
uniform margin of safety would be secured if 
the rules of the registration societies provided 
a coefficieht remaining constant up to, say, 
three feet six inches internal diameter, and 
decreasing proportionally as the diameter of 
the furnace increases. 

With a given weight of material the maxi- 
mum resistance to collapse under uniformly 
distributed external pressure is offered by a 
mathematically true cylinder, by reason of the 
fact that the stress throughout the material is 
of uniform character, w/z., compressive. In 
actual practice it is, however, impossible to 
produce a mathematically true cylinder, and, 
if it were possible to produce, it would be 
impossible to maintain under working con- 
ditions. The effect of any departure from 
the true form is to vary the nature of the 
stress at different points, and to distribute the 
stresses unequally throughout the structure. 


THF. strength of a plain cylindrical tube 
varies directly as its thickness, and inversely 
as its diameter. Experiments on 
furnaces have demonstrated that 
large diameters are weaker than 
this proportion; and although 
there is no reason why a theoretically perfect 
cylinder should be inversely affected by its 
length between its end connections, yet such 
has been proved to be the case with furnace 
tubes. No doubt this is again due to the differ- 
ence between the conditions of the material 
under stress in the hypothetical perfect 
cylinder and the imperfect cylinder of practice. 

It is evident from the above consideration 
that it is requisite to strengthen the imperfect 
cylinder of practice against bending stresses. 
This cannot be done by thickening the metal 
beyond a fixed narrow limit, and a remedy 
has to be provided by so disposing the 
material as to offer to the aforesaid bending 
stresses the maximum resistance per unit of 
weight. The earlier methods adopted were 
to provide at intervals annular rings, such as 
Bowling hoops, etc. (Figs. 2 and 3), possess- 
ing a very much greater resistance to collapse 
than the plain portions of the cylinder, and 
in order to comprehend the later develop- 
ments it is necessary to understand the 
principles underlying this source of strength. 

If a cylinder be provided with stiffening 
rings, it is evident that these rings will not 
be deformed under a stress which is quite 
sufficient to collapse the intervening metal, 
so that they constitute fixed points of sup- 
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Fic. 2.—BowLinGc Hoops. 
' 1 
Gil) a) 


FIG. 3.—APAMSON RINGS. 


i 


port, between which deformation of the 
cylindrical form can only take place by the 
extension of the metal. 

In illustration of the above remarks, let us 
consider the case of a plain furnace of im- 
perfect cylindricity, with outward rings at 
intervals and with local accumulation of scale 
between the rings (Fig. 4). The metal below 
the deposit ultimately becomes so overheated 
and weakened that it cannot resist the steam 
pressure. If this affected area of plate be 
isolated in one's mind for the purpose of 
analysis, it resolves itself into a flat strip or 
beam supported at the ends by strong girder 
rings, and less effectively supported at the 
sides by the contiguous and less heated 
portions of the furnace wall. The central 
portion of the beam becoming weakened and 


FIG. 4.— SECTION OF CORRUGATED FURNACE, 
SHOWING LOCAL ACCUMULATION OF SCALE. 


plastic, deforms inwardly by bending ; and it 
is this characteristic weakness of form that 
determines the ultimate strength of all fur- 
naces which are straight in longitudinal 
section in any portion of their length. Ex- 
cluding external separate supports, such a 
furnace can be strengthened only by increas- 
ing its thickness, or decreasing the distance 
between the strengthening rings. 


Mr. Purves was the first to make the 
strengthening rings integral with the cylin- 
drical tube (Fig. 5), thereby 
eliminating rivetted joints, making 
it practicable to greatly reduce 
the distance between the ridges, and in- 
creasing the strength of the furnace in a 
marked degree. ‘To increase the strength of 
the ridges he made the metal therein thicker 
than the rest of the tube; but the unequal 
distribution of material caused unequal dis- 
tribution of the stresses, which, combined with 
local concentration, at the base of the ribs, of 
the movement due to expansion and con- 
traction, gave rise to circumferential fractures, 
and led to many subsequent modifications. 
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Fic. 5.—РСКУЕ$ FURNACE. 
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Fic. 6.—Fox FURNACE, 
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FIG. 7.—SUSPENSION FURNACE. 


THE Fox furnace (Fig. 6) differed essen- 
tially from all its predecessors ; it was entirely 
curvilinear in longitudinal sec- 
tion, and the more favourable 
conditions thereby established 
throughout the material constituted a distinct 
advance in the art of furnace manufacture. 
The essence of the Fox invention lay in the 
complete absence of plain cylindrical surfaces 
with their inherent weakness. He retained 
the old-fashioned Bowling ring as a ridge, 
and, by inverting it, obtained a curved valley ; 
and he made his ridge and valley identical in 
proportions. Owing to the large amount of 
metal disposed in planes normal to the axis 
of the furnace, great strength was derivable 
from this particular form when tested as a 
tube by hydraulic pressure; but, as previously 
stated, the utility of a furnace depends on its 
ability to withstand severe usage in a boiler, 
and experience proved that much of the 
initial strength of a Fox furnace was soon 
lost by the concentration of deposit in the 
narrow valleys causing a weakening of the 
metal by overheating. Another practical 
defect was the loss of evaporative efficiency, 
caused by the sheltering of the outward by 
the inward corrugations, and by the partial 
stagnation of gas in the former. 


Fox 
Furnace 


THE introduction of the “suspension” 
design marked the next step in furnace con- 
. struction (Fig. 7). It differed 
э from the Purves type in being 
entirely curvilinear and of uni- 

form thickness throughout its length, and, 
compared with the Fox, the ridges were 
narrower and stronger, whilst the valleys 
were wider. Under cold water tests it is of 
greater strength than either; and, when in 
use in а boiler, it has proved its ability to 
withstand an increasing accumulation of de- 
posit, for a longer period of time, before the 
metal becomes so weakened by overheating as 
to be incapable of resisting the steam pressure. 
The applicability of the term “suspension " 
to this type of furnace is due to the following 
circumstances, A furnace collapses only 
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when there is a sufficient amount of deposit 
on the water side to cause the metal to 
become practically red-hot. The first part of 
the wall in a suspension furnace to become 
overheated would undoubtedly be the valley, 
as the ridge is sheltered from the heat; and, 
being approximately in the form of a catenary 
longitudinally, this plastic metal, on being 
unduly stressed, receives immediate and 
direct support from the ridges by the trans- 
mission, throughout the entire valley to the 
ridges, of a practically simple tensile stress. 
The metal 1s, therefore, uniformly in a state 
of tension between the points of support—a 
condition which can only be designated as 
* suspension." 

It follows that the essence of successful 
furnace design lies in the correct adjustment 
of the dimensions and curvatures of the 
inward and outward corrugations, so as to 
effect the best possible compromise between 
the ideal forms of theory and practice, which, 
as it happens, are to some extent in conflict. 

In the original suspension design, the cir- 
cular arcs forming the valleys are tangential 
to the arcs forming the ridges, the ridges 
being in fact formed by the ultimate inter- 
section of the extensions of the valleys, with 
the sharp apices suitably rounded off (Fig. 8). 
The value of the long suspended valley has 
been fully demonstrated in practice, and the 
strength-controlling influence of the narrow 
ridge is definite, so that a combination which 
results in greater ultimate resistance to col- 
lapse also marks an advance in the art of 
furnace manufacture. 

A construction embodying such a combi- 
nation results, if the valley 1s of such a radius 
that the ultimate intersection of the arcs is 
below the apex of the ridge, the ridge being, 
as it were, an independent element or girder, 
from which the valleys are suspended and into 
which their sides are merged (Fig. 9). The 
metal forming the sides of the ridges is, there- 
fore, disposed in planes practically normal to 
the axis of the furnace, with easy curves at all 
points where the metal undergoes a change 
of direction. ‘This apparently simple modifi- 
cation was the result of very exhaustive tests 
extending over a long period ; and although 
the change of form would seem on casual 
inspection to be unimportant, the resulting 
disposition of the metal is so effective that, 
when tested by hydraulic pressure, its resist- 
ance at the point of collapse is within ten per 
cent. of the elastic limit (Fig. 10). When in 
use in a boiler, its superior resistance to de- 
formation will be even more marked, because 
not only is the strength of the outward 


Progress of Science and Technology 


corrugations or circumferential girders greatly 
increased, but the intervening metal is so 
curved as to retain, practically unimpaired, 
the stress-distributing and simplifying effects 
of the suspension principle, whereby the 
strength of the ridges is effectively utilized to 
reinforce the resistance of the inward corruga- 
tions to local deformation by overheating. 


À FURNACE is often very severely strained, 

and 1s liable to slight deformation, if the tubes 

Е are too close to the crown, or if 
auses . . >. o 

of the furnace is otherwise too rigidly 


Failure stayed. A furnace is subjected 
of to very great variations of tem- 
Furnaces 


perature, and is consequently 
always tending to lengthen or shorten, so that, 
if by faulty design it is not allowed breathing 
facilities, it will either leak at the landings or 
alter its shape. Furnace fire-bars should not 
be fitted in tightly when cold, for obvious 
reasons. Assuming that attention is given to 
these points, and that shortness of water does 
not occur, a furnace collapses only when its wall 
becomes heated to redness through either oily 
deposit or excessive scale, so that the safest 
furnace is the one which will longest with- 
stand the conditions of severe usage, before 
the metal in any portion of its wall becomes 
weakened through overheating, and which, 
having become overheated, will retain its 
shape for the longest period of time before 
collapsing. If a furnace of any recognized 
type is covered with water and is reasonably 


FIG. 10.—MoRiSsON's SUSPENSION FURNACE. 
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clean, it will never collapse, as in that condi- 
tion its resistance 1s five times greater than 
the load brought upon it by the steam 
pressure ; but this margin commences to dis- 
appear when the temperature of the metal 
reaches 650° F., and vanishes when the metal 
becomes red-hot. 

It is only at these extreme temperatures 
that the capacity of any particular form of 
furnace to resist collapse becomes effective 
and apparent, so that the only true measure 
of the comparative working strength values 
of different furnace formations lies in their 
respective resistances to collapse when at the 
temperature of plasticity. Тһе temperature 
of steam at 200 lbs. is 380° F.; the tem- 
perature at which steel commences to lose 
its tensile strength is 650° F., and at 1,200 
degrees about 75 per cent. of its original 
strength has disappeared. If the surface of a 
furnace in a boiler for, say 2оо lbs. pressure, 
were clean, the temperature of the metal 
would never reach the point at which its 
original tensile strength would be appreciably 
reduced, even under very high rates of 
evaporation. If, however, the surface were 
simply rubbed over with a very thin coating 
of mineral oil, the temperature would at 
once rise to over 650 F., even with a 
moderate rate of evaporation. An apprecia- 
tion of this fact will explain many a so-called 
mysterious collapse of furnaces in apparently 
clean boilers. If a mere coating of oil of 
inappreciable thickness will raise the tem- 
perature of the metal beyond the safe limit, 
it follows that an extremely thin scale or 
deposit, containing a high percentage of oil, 
must inevitably result in dangerous over- 
heating. 


SINCE the introduction of electric ignition 
for petrol motors it has been found necessary, 
in order to obtain satisfactory 


results, to alter the point of igni- races 
tion to suit. vanation in. engine Timing 


speed. Many attempts have been 
made to render this timing automatic, but up 
to the present none of these has proved satisfac- 
tory. To appreciate the difficulties involved 
it is necessary to consider all the causes that 
render variation necessary. It is found that 
as an engine runs faster the point of sparking 
has to be advanced, so as to cause it to occur 
earlier, and when an engine is running very 
fast it is necessary for the theoretical point of 
ignition to be even as early as 110° of .crank 
travel before the firing centre. 

The principal reason for this is the interval 
of time between the first ignition of the gas 
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and the instant when maximum pressure is 
reached; this interval, being approximately 
constant, renders it necessary to advance the 
point of ignition as the engine speed increases, 
if it is desired to keep the point of maximum 
pressure at the beginning of the working 
stroke. Two other causes add to this effect— 
the lag of the trembler on the induction coil, 
and the lessened compression at high speeds 
due to the loss of volumetric efficiency which 
is caused by the wire drawing effect of both 
induction and exhaust valves. These are 
slightly compensated for by the quicker 
burning of the richer mixture taken in at 
high speeds, caused by the increased vacuum 
in the jet chamber. It is evident that the 
coil lag is a time element, and that the in- 
terval between the completion of the electric 
circuit and the “break,” due to the down- 
ward movement of the trembler, will be 
constant for the same coil, and quite inde- 
pendent of the engine speed. This factor is 
of less importance since the general adoption 
of high-speed tremblers, and is, of course, 
entirely absent in magneto ignition. ‘The 
loss of volumetric efficiency results in more 
burnt gas being left in the cylinder from 
the previous explosion, and the taking in 
of a lessened charge, causing a drop in the 
compression and consequent slower burning, 
as the degree of compression has consider- 
able influence on the rate of burning of an 
explosive mixture of given quality. The 
enriching of the mixture at high speeds 
compensates for this to a certain extent, 
depending on the efficiency of the valve 
gear and carburettor, but, of course, this 
compensation is only at the sacrifice of fuel 
efficiency. 

From the foregoing remarks it will be 
evident that if the mixture is throttled, thus 
lowering the compression, it will be neces- 
sary to advance the spark to obtain a correct 
diagram at the same engine speed ; and this 
effect will generally be intensified, as throttling 
usually results in a weakened mixture. Any 
automatie device must, therefore, not only 
vary the contact to compensate for variation 
of engine speed, but, if correct ignition 
and maximum efficiency is desired, also for 
varying degrees of throttling and alterations 
of quality of mixture. 

Fig. 11 shows approximately the theo- 
retical points of completing the electric 
circuit for different cases, but it must 
be remembered that the spark in the 
cylinder does not occur until an appreciable 
time after the completion of the primary 
circuit. 
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THE mechanically-operated induction valve 
has now almost entirely superseded the at- 
mospheric valve for petrol motors. 
The atmospheric valve 1s exceed- 
ingly simple, but is rather noisy 
in its action, and is not so efficient at high 
speeds as the mechanically-operated valve. 
The spring tension on the valve must be 
as light as possible to avoid throttling the 
charge, the usual tension allowed being about 
ті lbs. per square inch of valve area. The 
lift allowed is usually only about one-tenth 
the diameter of the valve, so as to enable it 
to close quickly; thus a plain valve has to 
be about twice the diameter of the mixture 
pipe to give the necessary area of opening. 

An advance upon this was the three-ported 
valve; this was really three small valves in 
one box, and evidently gave a larger area of 
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Fic. 11.—To ILLUSTRATE POSITIONS OF IGNITION 
UNDER VARIOUS CONDITIONS. 


A. Point of ignition for hand starting. 

B. Point of ignition for very slow running. 

C. Point of ignition for full load at about 400 r.p.. 
D. Point of ignition for full load at абон? 1,200 r.p.m. 


E. Approximate point of ignition for very light load at about 
400 7... 


opening for the same lift, and consequently a 
higher volumetric efficiency, especially as the 
small valves could be lighter and more sensi- 
tively sprung. ‘The three-ported valve cannot 
be conveniently operated mechanically, and 
as a mechanical valve can be controlled by 
as strong a spring as thought desirable, the 
lift was generally increased to about one- 
seventh the diameter of the valve, rendering 
any other aid to volumetric efficiency un- 
necessary. Recently, with the introduction 
of engines having larger cylinders, it was 
found advisable to keep the induction valves 
as small as possible, and at the same time to 
obtain a high volumetric efficiency without 
an excessive lift to the valve, as an excessive 
lift is found to prevent the engine running so 
well at high speeds. "The solution is the 
multi-ported valve. If properly arranged this 
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Plain Atmospheric Induc- 
tion Valve and Box. 


Plain Mechanically Operated 
alve and Вох. 
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Three-ported Atmospheric 
Induction Valve 
and Box, 


Multi-ported Mechanically 
Operated Induction Valve 
Box. 


Fic. 12.—Four Types ОЕ INDUCTION VALVE. 


type of valve will give an increase of opening 
for the same lift of 30 per cent. 

Fig. 12 shows these four types of valve, 
together with their boxes, as usually con- 
structed. The valves are steel forgings, and 
the boxes are made of cast-iron. 


In the action for infringement of patent 
rights recently instituted in the United States 
by the Marconi Company, against 


ыа the De Forest Wireless Telegraph 
Patents Company, and tried before Judge 


in Townsend, the result, as might 
America h b ИЙЕ d 1 
ave been anticipated, was partly 
in favour of the Marconi Company, but will 
probably not prevent the De Forest Company 
from using their system. As a matter of fact, 
both companies claim to have secured a com- 
plete victory ; but as the most general claim 
of the Marconi Company has been disallowed, 
the De Forest Company have every cause 
to be satisfied. An article published in the 
Electrician tor May 5, 1905, gives a short 
resumé of the decision of Judge Townsend. 
The exact contribution of Marconi is thus 
summarised : — 

“ Maxwell and Crookes promulgated the 
theory of electrical oscillations by means of 
a disruptive discharge; Hertz produced these 
oscillations, and described their characteris- 
tics; Lodge and Popoff devised apparatus 
limited to lecture or local experiments or to 
some impracticable purposes, such as the 
observation of thunderstorms. Marconi dis- 
covered the possibility of making these 


disclosures available by transforming these 
oscillations into definite signals, and, availing 
himself of the means then at hand, combined 
the abandoned and laboratory apparatus, and 
by successive experiments reorganised and 
adapted and developed them into a complete 
system capable of commercially utilising his 
discovery. Therefore, if a later inventor, by 
the exercise of a discriminating faculty, de- 
tects and distinguishes the ditficulties, and 
estimates their proportions, and breaks down 
the barrier, or bridges the interval, or stretches 
beyond the limitation, by an instrumentality 
which, in the very facts of its construction 
and operation, and by the adaptation of 
its mechanism to the end sought, suggests 
original and creative design, then, by his 
contribution of the essential idea in tangible 
shape, he had invented a new instrumentality, 
and his monopoly should be sustained. 

* While the De Forest detector was held 
not to be the equivalent of the *tube con- 
taining metallic powder ' of claims 8 and ro, 
the judge found that it was equivalent to the 
imperfect electrical contact of claims 1, 3, 
and 5. With regard to claim 1, however, it 
is pointed out that this is a new broad claim 
introduced into the re-issued patent, and, in 
view of the limitations imposed upon the 
Marconi coherer by the publications of Branly, 
Popoff, and Lodge, such a generic claim, much 
broader than appeared in the original patent, 
for which it appears to have been substituted, 
is not permitted, as the effect would be to 
enlarge the scope of the original invention.” 
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Caps. 


HE work required of the cap in 
igniting a charge of smoke- 
less powder 1s much more 
onerous than in a_ black 
powder cartridge. 

With gelatinised nitro- 

powders, the surface, being 

very smooth and dense, requires the applica- 
tion of a high temperature for a certain 
length of time before ignition occurs. Within 
certain limits it seems probable that the time 
and temperature may be varied inversely to 
produce satisfactory ignition. For example, 
with * Mark I" cordite it is found that better 
results are given by caps containing a large 
quantity of composition, with a small per- 
centage of fulminate of mercury and a large 
percentage of sulphide of antimony. This 
gives a low temperature flame of considerable 
duration. А composition of this nature seems 
to be less liable to produce violent oscillations 
of pressure than a smaller charge of com- 
position. containing а large percentage of 
fulminate of mercury. It is found that the 
quantity of composition contained in the cap 
must bear a certain proportion to the net 
volume of the cartridge case, in order to 
secure prompt ignition. ‘This is equivalent 
to saying that the cap must produce a certain 
gas pressure, in order that the powder may 
instantly ignite over its whole surface. Ex- 
perience shows that a cap may exert sufficient 
pressure to expel the bullet from the cartridge 
case, and yet not fire the explosive. It is 
just possible that in such cases a very small 
amount of the explosive commences to burn 
and is then extinguished, since the whole 
surface of the cordite is found blackened by 
the firing of the cap. ‘This may sound im- 
probable to those who have not experimented 
in this direction; but, nevertheless, the extinc- 
tion of cordite which has ignited certainly 
does occur in some places. For example, 
a long case 0°303 was fired in a short- 
chambered gun, so that a quarter of an inch 
at the head was unsupported ; the result was 
that the case was burst close to the head, but 
no great damage was done, the greater part 


of the cordite being found unconsumed in 


the case. 
Recoil. 


- Recoil is measured in the first instance as 
momentum —that is to say, as the product of 
mass and velocity (Ibs. ft. /sec.), or by the 
product of pressure and time (lbs. secs.), 
these being independent of the weight of 
the gun or the constraints imposed upon it. 
The recoil is most satisfactorily measured by 
converting the gun itself into a ballistic pen- 
dulum. ‘The momentum is then proportional 
to the chord of the angle of the swing. The 
actual effect of recoil on the firer does not 
appear to be proportional to the momentum, 
but to the energy which is transmitted from 
the butt of the gun to the shoulder of the 
firer. This energy depends, first, upon the 
weight of the gun; and, secondly, on the firm- 
ness with which it is held to the shoulder, 
since it is obvious that the velocity of recoil 
is less when the shoulder 15, so to speak, 
incorporated with the stock of the gun, than 
when the gun is freely suspended. The 
energy of a freely suspended gun is easily 
calculated from the momentum, by dividing 
the latter (in lbs. ft./sec.) by the weight of 
the gun; this gives the maximum velocity 
of recoil. ‘The square of this velocity, multi- 
plied by the weight of the gun and divided 
by 64, gives the energy of the recoil in 
ft. lbs. For example, if the momentum of 
recoil is found to be roo, and the weight 
of the gun is ro lbs, then the maximum 
velocity of recoil is то ft. per second. The 
energy of recoil will be то X ro^, divided 
by 64—-Ze, about 15:6 ft. Ibs. It is clear 
that the energy of recoil corresponding to a 
given momentum is inversely as the weight 
of the gun. Experiments show that the 
momentum of recoil is considerably greater 
than that of the projectile at the muzzle, the 
difference being due to the momentum of the 
gases which follow the bullet. By dividing 
the difference between the momentum of the 
gun and projectile by the weight of the 
charge of powder, we obtain the equivalent 
velocity of the escaping gases. It is, of 
course, highly probable that the whole of the 
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TABLE V.—BALLISTICS OF 0'303 RIFLE WITH VARIOUS BULLETS GIVING EQUAL MUZZLE ENERGIES. 


VRLOCiTY. Feet per second. Time in Seconds. 


197 grains. 215 grains. 235 grain. | 197 grains. 215 grains. | 235 grains. 


| 
еей 
feet/seconds. | fect/seconds. feet /seconds. 
| 2, 300 | 2,200 

2,091 

1,911 

1,749 
\ 
H 


LM 
| оюн | 
| 


1,714 
1,575 
ран 

| 1,324 
1,219 

| 1,129 
| 1,056 
| 1,006 
963 
923 
887 
853 
822 
792 
764 
738 
712 
687 


| 
| 
| 
| 
| 
| 


1 


TABLE VI.—BALLISTICS OF 0°303 RIFLE WITH VARIOUS BULLETS GIVING EQUAL MUZZLE MOMENTA. 


RANGE. | VELociTY. Feet per second. | Time. Seconds. 
| 
Yards. | 197 grains. , 215 grains. 235 grains. | 197 grains. 215 grains. 235 grains. 
| feet/seconds. | fect/seconds. feet/seconds. seconds. | seconds. ! seconds 
О | 2,5ОО | 2, 300 2,100 o'o o'o ' o'o 
100 | 2,257 | 2,091 1,934 0'126 = 0'1368 i  or'i489 
200 | 2,037 | 1,911 1,782 0° 266 | 0°2876 озо 
300 1848 | 4749 | 1,639 ^ gı p 00492. | 0'4853 
400 1,673 1,593 | 1504  '  O'592 0°6316 |  0'6764 
500 | 1,511 1,449 | 1,378 0'780 0°829 0° 880 
600 | 1,362 1,318 1,266 0°989 "047 11112 
700 | 1,233 1,206 1,170 1°221 1°284 1° 358 
800 | 1,125 | 1,111 | 1,088 1'476 1'543 1'624 
900 1,042 | 1,038 | 1,028 I'755 1*826 1*909 
1,000 994  . 988 983 | * 2'009 2'120 | 2'207 
1100 |; 937 942 942  ,  2'367 (202437 2'517 
1200 893 9OI 904 ! 2:692 | 2:760 (0 0842 
300 | 852 863 | 869 | 3'042 | 3'112 3' 181 
,400 815 823 | 836 3'402 | 3°468 | 3'54 
1,500 781 796 800 1 37773  , 3826 3°904 
1,600 748 |.— 765 | 778 4°172 4°216 4°275 
1,700 718 | 736 — | 751 4'57 4'615 4'664 
1,800 | 688 —— 708 || 724 5:002 5'033 5:085 
доо | 659 682 699 5°455 1 5°468 5° 504 
2,000 | 632 656 | 675 57915 | 5'901 5'935 


gas does not escape at the same velocity ; 
but the effect on recoil is the same as if it 
all did escape at the equivalent velocity thus 
calculated. This velocity is in the neigh- 
bourhood of 4,000 ft. per second, the exact 
figure depending upon the temperature of the 
gases at the moment when the bullet leaves 
the muzzle. It is found that with cordite the 


momentum due to the gases varies from 25 
per cent. to 33 per cent. of the momentum of 
the bullet. It is difficult to say what is the 
maximun recoil permissible for a military rifle. 
'The Martini-Henri, with black powder, gave a 
bullet velocity of about 1,350 ft. /sec., and had 
a momentum of recoil of about 125 lbs. ft. /sec. 
Taking the weight of the rifle at 9 lbs., this 
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gives a velocity of recoil of about 13:9 ft. 
per second, the energy of recoil being about 
27 ft. lbs. It may be noticed that this is 
just about the same as the energy of recoil of 
a 12-bore sporting gun, weighing 7 lbs., and 
using smokeless powder cartridges. — This 
amount of recoil has been found to be un- 
comfortably great for shooting at a target, 
although not noticeable when shooting at 
game. 'The momentum of recoil may be 
reduced below тоо, even with the highest 
ballistics at present attainable in a 0'303 
rifle. There should, therefore, be no objec- 
tion to increased ballistics on the score of 
recoil. The 0:303 bullet, weighing 215 
grains, will give a momentum of recoil of 
100 for a muzzle velocity of about 2,500 ft. 
per second. ‘Taking the weight of the rifle 
at 9 lbs, this gives an energy of recoil of 
about 174 ft. lbs., which is trifling compared 
with the 27 ft. lbs. of the sporting gun and 
the Martini-Henri rifle. 


EXTERNAL BALLISTICS. 
Best Weight of Bullet for Miltary Rifles. 


The ranging power of a bullet depends 
mainly on its ‘sectional density” (or its 
weight divided by the square of its diameter) 
and its initial velocity. Most military bullets 
have a “sectional density” of about 0° 32, 
the weight of the bullet being measured in 
Ibs., and the bore in inches. ‘The best value 
for the “ sectional density,” however, depends 
entirely on the range at which it will be most 
used. The greater the “sectional density” 
the longer the range at which the bullet will 
be effective; but, for a given velocity, both 
pressure and recoil increase with the weight 
of the bullet. If the maximum range can be 
definitely stated, it 1s possible to determine 
the weight of bullet which will give the flattest 
trajectory, either (а) for a given maximum 
pressure, or (2) for a given recoil. 

Table V. shows the effect of increasing and 
decreasing the weight of the o* 303 bullet by 
Io per cent, at the same time varying the 
velocity so as to give equal muzzle energies 
—that is to say, equal maximum pressures ; 
Table VI. gives similar data for equal 
momenta, or the same recoil. It will be seen 
from Table V., with bullets of 197, 215, and 
235 grains, at 2,400, 2,300, and 2,200 ft. /sec. 
respectively, that the velocities of all three 
bullets are equal at about 500 yards, so that 
the lighter bullet has always been travelling 
the fastest, and has, therefore, the flattest 
trajectory. ‘This advantage is gradually lost 
as the range increases, until at about 1,000 
yards the times of flight of all three bullets 
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are equal—that is to say, all three bullets will 
have dropped about the same distance below 
the position that they would have occupied 
if gravity had been non-existent. This is 
equivalent to saying that the angles of eleva- 
tion required for all three bullets are about 
equal at 1,000 yards. For all shorter dis- 
tances the lighter buliet will require a less 
angle of elevation than the heavier ones. It 
thus appears that if the ballistics are limited 
by the strength of the breech action, as in 
the Service 0° 303 rifle, a bullet weighing 197 
grains will require less elevation for ranges 
up to 1,000 yards, than either the Service or 
heavier bullets, owing to the higher velocity 
attained. Beyond 1,000 yards the heavier 
bullets will have the advantage. The advan- 
tage of the light bullet is still more marked if 
we consider the ballistics as limited by recoil, 
since, for the same recoil, the velocity of the 
197-grain bullet may be increased to 2,500 
ft./sec., as compared with 2,300 for the 215 
grain, and 2,100 ft./sec. for the 235-grain 
projectile. In this case the three velocities 
are practically equal between 1,000 and 1,100 
yards, whilst the times of flight are about 
equal at 2,000 yards. This shows that the 
197-grain bullet, with 2,500 ft. per second 
velocity, requires less elevation up to 2,000 
yards than either the Service bullet at 2,300 
ft. per second, or the 235-grain bullet at 
2,100 ft. per second. Of course, if all three 
bullets had the same initial velocity, the 
advantage would lie with the heaviest bullet 
at all ranges. 

The point that it is necessary to bear in 
mind is, that so long as the ballistics are 


‘limited either by the pressure which the 


breech action will stand, or the recoil which 
the soldier can endure, it does not follow 
that the heaviest bullet is the best ; the great 
advantage of flat trajectory over the first 
1,000 yards or so may possibly make the 
adoption of lighter bullets advisable. It may 
be mentioned that very fine shooting has 
been made at long ranges with 200-grain 
bullets out of the o* 303 rifle. The adoption 
of a 200-grain bullet in o*30o3 barrel, with 
flat strip M.D. cordite in the long case pre- 
viously described, would make possible a 
muzzle velocity of 2,700 ft./sec., with an 
energy of recoil of about 174 ft. lbs., and a 
pressure of 22 tons per square inch. It is 
hardly necessary to say that this would give 
us a military weapon immensely superior to 
anything at present in use, without any great 
increase in the bulk of the cartridge, the only 
essential being a sounder breech action than 
that of the present Service rifle, 
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By JOHN В. C. KERSHAW, F.I.C. 


INTRODUCTION. 


М the first two articles of this 
serles* the author has dealt 
with the * Raw materials of 


Steam Generation," namely, 

water, coal and air, and with 

the “Theory of Steam- 

raising.” In this article he 
proposes to describe the various types of 
boiler and furnace, and the methods of pro- 
ducing draft for carrying on the combustion 
process. In the past the combustion of solid 
fuel in the furnace of a boiler, and the pro- 
duction of steam by aid of the heat generated 
in the furnace, have been considered very 
simple operations, unworthy of the ciose 
attention of chief engineers or of the need of 
highly skilled labour. The custom thus 
became general of neglecting the boiler- 
house, and of employing in it only the 
cheapest form of unskilled labour; in fact, 
the engineers or managers of large manu- 
factories regarded this portion of the plant as 
a dirty disagreeable place, to which it was 
unnecessary for them to devote much time or 
attention, and looked upon any man who 
could handle a shovel and throw coal upon a 
fire as sufficiently skilled for the work of 
firing the boilers. The writer was chemist 
and under-manager at a large factory twenty 
years ago, and writes with personal knowledge 
on this subject. - 

Although this attitude towards the boiler 
plant is slowly changing, there are still too 
many works in this country in which the 
steam-generating plant is grossly neglected, 
and 1s left in charge of men whose only quali- 
fication for the work is that of physical 
strength. A higher rate of pay is required to 
cure this latter evil, and not until it has been 
generally recognised that the charge of a 
boiler plant requires brains as well as strength 
will the class of men firing boilers be raised 
to the high level of intelligence really de- 
manded by their work. ‘To feed a fire with 
solid fuel, so as to produce a maximum of 
steam and a minimum of smoke, demands 
considerable knowledge and practical ability. 
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It is simply absurd to expect this in men paid 
at the rate of 24s. per week—a rate which 
does not attract the class of men required. 
A good fireman would be cheap at 36s. or 
405. per week. As a well-known writer on 
boiler management has pointed out, a fireman 
will handle forty to sixty tons of fuel in the 
course of a week, and can easily waste or 
save many times the value of his weekly wage 
in fuel alone. Had the policy of paying well 
for this work been adopted fifteen years ago, 
there would have been less need of, and less. 
scope for, the numerous mechanical devices 
for performing the actual firing work of 
furnaces. ‘These mechanical stoking appliances 
are no doubt successful to a certain extent, 
and yield far better results than were obtained 
under the old régime where boilers were fired 
by mere labourers dignified with the name 
of “stokers”; but it is generally admitted, 
after fifteen years’ experience of these devices, 
that a skilled and really competent fireman is 
the equal of, if not superior to, the best of 
the mechanical stoking appliances. The 
mistake of putting cheap labour in charge of 
these appliances was also made in the early 
days of their use; and much of the early 
dissatisfaction and troublesome breakdowns 
experienced with mechanical stoking appli- 
ances, when these were first introduced, was 
due to the mistaken notion that as any fool 
who could handle a shovel was good enough 
for a fireman, so any man who could handle 
a spanner and called himself an engineer was 
competent to take charge of a mechanical 
stoking plant. 

However, these mistakes of early days are 
now being slowly remedied, and works’ 
managers have learned by painful experience, 
that even an automatic stoking plant requires 
highly-skilled attention and management by 
an experienced engineer, if good results are 
to be obtained from it. The comparative 
efficiency of hand labour and of mechanical 
stoking will be dealt with again in the next 
article of this series; but in this article de- 
scriptione of a few of the best known forms of 
mechanical stoker will be given in the section 
devoted to furnace construction. 

The section devoted to boilers is neces- 
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sarily somewhat condensed, and only a few of 
the leading types of shell and water-tube 
boilers are described. Noattempt is made to 
decide between the rival claims of Lancashire 
and water-tube boilers for steam-raising pur- 
poses, and it must be recognised that each 
type has advantages for special demands, 
which makes the dectsion dependent upon 
the peculiar conditions of the work or in- 
dustry. 


DRAFT. 


Chimney and Fan Draft.-——As pointed out 
in Article 1. of this series, an adequate 
supply of dry, and preferably heated air, under 
perfect control, is an essential condition for 
the economical conduct of the combustion 
process. In the past this has been most 
usually obtained by aid of tall chimneys—a 
system which is miscalled one of “ natural 
. draft." Chimney draft is, however, not very 
satisfactory for many reasons, and in modern 
boiler plants chimneys are being displaced by 
fans, with benefit to the economical working 
and scientific control of the plant. 

Chimney Draft is really dependent upon 
the difference between the weight of the 
column of heated air within the chimney and 
that of an equal column of air outside it; this 
is a function of the difference between the 
temperatures inside and outside the chimney. 
If the exit gases be cooled below a certain 
temperature, the draft ceases to be sufficient 
for the combustion process. 

In Article II. it was shown that with exit 
gases containing ro per cent. of CO,, and at a 
temperature of 465° F., about 2,380 B.Th. 
units of heat escape for every pound of fuel 
burnt under the boilers. The loss represented 
by these units is the running cost of obtaining 
the chimney draft, for 465^ F. is the minimum 
temperature with which chimneys сап be 
worked. With fuel testing 13,500 B.Th. 
units, and costing 75. 64. per ton delivered 
in the bunkers, the cost of natural draft 
works out to (2,380/14,500) X (75. 64.), or 
15:84. per ton of fuel burnt under the boilers. 
It may be objected that this calculation is 
somewhat unfair to chimney draft, because 
the percentage of CO, is rather low, and 
denotes much excess of air passing up the 
chimney. ‘There are few boiler-plants, how- 
ever, in which the average CO, contents of 
the chimney gases are in excess of this figure ; 
and even taking the best possible case in 
which 15:2 per cent. of CO, 15 present in 
the exit gases, the loss of heat units is still 
16:2 X 400 X 0°25 = 1620 B. Th. units, equal 
to 12 per cent. of the value of the fuel, which 
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in the case under consideration represents 
10° 8d. per ton of fuel burnt. 

It is therefore a mistake to assume that 
chimney draft costs nothing beyond the in- 
terest on the capital expended in erecting the 
chimney, and that as compared with fan- 
draft it can show great economy in running 
costs. A minimum expenditure of rod. per 
ton of fuel burnt is necessary to maintain the 
chimney gases at a temperature which will 
produce the requisite draft at the boiler 
furnaces. In most boiler-plants this mini- 
mum cost of maintaining the draft is greatly 
exceeded. 

As regards the calculation of the effective 
draft, in inches of water, produced bya chimney 
with exit gases at a definite temperature, the 
following formula 1s one of many which have 
been published for this purpose :— 

dedi eo 
a b 
in which 7 = draft in inches of water. 
A = height of chimney in feet. 
а = absolute temperature of the 
external air, in degrees F. 
(t + 460). 
b = absolute temperature of the 
gases in the chimney in 
degrees F. (/' + 460). 
With chimney gases at 600° F., and the ex- 
ternal air at 60 F., the last part of the 
expression gives a factor of 0'007, and the 
formula then becomes 


d= h X 0'007. 
Using this formula, we obtain the following 


figures for the draft in inches of water for 
chimneys of various heights :— 


Suction at Base of Chimney 
in inches of water, 


Height of Chimney in 
f with exit gases at 600° F. 


eet. 


50 


75 
100 


150 
200 
250 
300 


The effective draft at the boiler furnace is 
always 35 per cent. to 40 per cent. less than 
the suction at the base of the chimney, and 
depends upon the length and area of the 
intervening flues, and the state of the brick- 
work as regards leakage. ‘The effective draft 
at the chimney base, as given in the above 
table, is also dependent upon the state of the 
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atmosphere, and is much greater in dry clear 
weather than in a damp foggy atmosphere. 

As regards the draft required to burn com- 
pletely ordinary solid fuel, this varies from 
o'40 to 1'5 inches, and depends upon the 
character of the fuel and its state of division. 
Large lump bituminous coal demands the 
least draft, and very fine anthracite or South 
Wales steam coal the greatest draft. The 
usual plan is, to erect 
a chimney of sufficient 
height and area to give 
the maximum draft at all 
times and under all loads, 
and to use dampers to 
adjust the draft to the 
needs of each boiler and 
furnace. This method 
has many drawbacks, and 
lacks the adaptability of 
the fan-draft system. It 
is partly for this reason 
that chimneys are now 
passing out of favour. 

However, the managers 
of most works already 
provided with tall chim- 
neys of adequate power 
are unlikely to cease using 
them as long as they 
stand. It may be pointed 
out here that much can 
be done (by attention to 
the design, tightness, and repair of the 
damper holes, brickwork апа flue man- 
holes) to render chimneys more efficient as 
draft-creating agencies. Draft gauges of the 
type shown in Fig. 1 should be installed at 
the chimney base, and at several points in 
the flue system; any unusual drop in the 
draft between the chimney base and the 
boilers should at once receive attention, 
since this will doubtless be due to un- 
necessary air leakage and faulty brickwork. 
The flues of boilers that are out of use for 
cleaning or repair should also be stopped off 
with iron shields or brickwork, since no 
boiler dampers are absolutely tight, and 
much air creeps into the flues through 
boilers that are not being worked. 

As regards the draft required within 
the furnace of a boiler, in order to 
obtain proper combustion of the fuel, 
Hiller, in his handbook on the Working 
of Steam Boilers, states that high effici- 
ency can be obtained with o'3o inch 
behind the bridge, and 0° 45 inch in the 
main flue at the back of the boiler ; but 
it is better to have some reserve of draft 


I. — GAUGE 
FOR MEASURING 
SUCTION IN 

FLUE. 


FIG, 
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power, and to be able to produce, when 
desired, o* о inch in the furnaces, and 0°65 
or o' 7o inch in the main flue. 

A fixed draft gauge ought to be attached 
to every boiler furnace, in order that the 
fireman may know exactly the state of his 
draft and the conditions of his fire without 
opening the furnace doors. Draft gauges (of 
the steam pressure gauge type) can now be 
obtained for this purpose, with the face-dial 
marked in inches of water or in pounds. 

Fig. 2 shows the form of water-gauge 
adapted to measuring the speed of the exit 
gases, a very finely divided scale and inclined 
tube being employed in this case. 

Fan-Drzaft.—The chief advantage of fan- 
draft—namely, that it renders the engineer 
in charge of a boiler plant independent of 
the state of the atmosphere and direction of 
the wind, and enables him to meet satis- 
factorily any sudden demand on the boilers 
for steam—has already been alluded to. 
The further advantages are: that it requires 
less capital outlay than chimney stacks and 
the costly foundations for the same, since short 
steel columns of 50 or 75 feet in height 
serve to carry off the products of combustion ; 
that the losses of heat with the exit gases are 
reduced, since these can be cooled to 60° F. 
if desired, with improvement instead of 
damage to the draft; and, finally, that more 
scientific control of the draft and of the 
whole combustion process is possible, owing 
to the fact that the draft can be easily 
altered to suit the character of the fuel being 
burnt. Extensions of the plant, and of the 
steam-raising capacity of the boilers, are also 
more easily carried out when fan-draft is 
installed, since the installation of a second 
or third fan is a comparatively simple under- 
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Fic, 3.—‘' CYCLONE” FAN, FoR BELT DRIVING. 


taking. Fig. 3 shows the size and general 
appearance of one of the fans for producing 
draft, and Fig. 4 shows a fan in course of 
installation. 

Fan-draft may be applied to work boilers 
upon either the forced or induced draft system. 
In the former, the fan is placed towards the 
front or underneath the boilers, and the 
ashpits of the furnaces are closed in. In 
the latter system, the fan is placed at the 
base of the chimney, or to the rear of the 
boiler-plant, and the ashpits of the boiler- 
furnaces are of the usual type. Each system 
has its advantages and disadvantages, and 
the local conditions must be studied care- 
fully, in order to decide which is the better 
in any particular case. Where the fan is 
placed at the foot of the chimney or at 
the rear of the boilers, and is emploved to 
create induced draft, the losses by air 
leakage through the brickwork and damper 
holes may be as heavy as with chimney 
draft. ‘Thus the induced draft system of 
working boilers demands more care with 
regard to the brickwork and settings than 
the forced draft system. Fig. 5 is from a 
photograph of the boiler-plant at the 
newly-erected Neepsend Power Station at 
Shefüeld, where the Ellis and Eaves in- 
duced draft system, with a preheated air 
supply, has been installed. The fan is 
seen to the rear of the boilers; the flues 
carrying this pre-heated air to the boiler 
fires run midway round the sides of the 
boilers, as shown. At this works the ex- 
cellent plan has been adopted of reducing 
air leakage to а minimum by casing the 


boilers in glazed brickwork, and the writer Fic 


has little doubt that in time this plan will 
become general in all well-built plants. 

Another method of producing “forced” 
draft, and one that has been widely adopted, 
is that of using steam-jets in place of a fan. 
This method cannot be recommended, and 
when the scientific principles of combustion 
are better understood the use of steam-jets 
for promoting draft will only be adopted in 
exceptional cases, when no other method is 
available. 

In the first place, a steam-jet requires far 
more steam than is generally recognised ; in 
some cases where a whole battery of boilers 
is worked on this principle, from 5 per cent. 
to IO per cent. of the steam generated is 
being employed to create the forced draft. 
An efficient fan-draft can, on the other hand, 
be worked with much less power than is repre- 
sented by this quantity of steam. Further, 
steam is not a desirable constituent of the air 
blown into the furnaces of a boiler, for the 
reasons stated in Article II. of this series, 
any benefit derived from the presence of 
hydrogen in the furnace gases is more than 
counterbalanced by the energy required to 
bring about the original dissociation of the 
molecules of water into their constituent 
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atoms, and. by the high specific heat of the 
aqueous vapour carried away in the exit 
gases. The specific heat of dry air is 0'237, 
of Co, o'216, while that of steam is 0°475. 
These figures alone indicate the unwisdom 
of blowing large quantities of steam into the 
furnaces of the boilers, since each pound of 
steam carries off twice as much heat as the 
same weight of dry air. 7/15 heat ts abso- 
Jutely lost unless the furnace gases are reduced 
below 212° F. before they leave the boiler or 
economiser plant, and unless the steam is 
condensed in the form of water with liberation 
of its latent heat. It is well-known, however, 
that not one boiler-plant in a hundred passes 
the exit gases away with their temperature 
reduced to 212?F. ‘Therefore, under present 
conditions of working, steam-jets are wasteful 
in two directions, and their use is inconsistent 
with the economical and scientific working of 
the steam-raising plant. 


THE BOILER. 


The characteristic essential to a good boiler 
is that it shall produce a maximum quantity 
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of dry steam at the expense of a 
minimum quantity of fuel. It 
should also possess some reserve 
of steaming power over and 
above that required by the 
normal demands upon it. To 
possess these qualifications it is 
necessary that the following 
points should have consideration 
in the design and setting of the 
boiler :— 

(a). The plates or tubes which 
are in contact with the fuel or 
fame and heated gases, on the 
one side, and with the water on 


* һе other, should be of ample 


Tj | DUE i superficial area, and should be 
> _ 50 arranged that their periodic 


inspection for corrosion or flaws 
is acomparatively simple matter. 

(2). The combustion chamber 
of the boiler should be adapted to the fuel 
burnt, and the heated gases should not be 
allowed to come into contact with the water- 
cooled tubes or plates, before perfect com- 
bustion has been attained. ‘This principle 
will be discussed further under “ Furnaces.” 

(c). All portions of the heating surface ex- 
posed to the hot fuel or gases should be 
covered with water, and the removal of scale 
from these surfaces should be undertaken at 
regular intervals, the frequency of which will 
depend upon the hardness of the water 
employed in the boilers. As pointed out in 
Article II., a clean boiler plate when covered 
with water in free circulation cannot become 
over-heated or damaged, excepting by the 
highest of furnace temperatures; but when 
coated with scale or with oily deposits, over- 
heating is nearly certain to occur even with 
low furnace temperatures. 

(4). The free circulation of water in the 
boiler should be allowed for in the design, 
or should be promoted by some artificial 
arrangement (as by a steam-jet) at certain 
dead points. The use of small model boilers 
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of glass, in order to discover these dead 
points, is to be recommended. 

(е). The side flues of the boiler should be 
designed so that removal of the flue dust is 
possible, without any serious check to the 
boiler working. Most boiler settings are 
defective in this respect; when burning poor 
coal, high in ash contents, frequent stoppages 
are required to remove the accumulated dust 
from the side flues, or these are allowed to 
become choked up, and the effective draft 
is allowed to fall away to one-half that re- 
quired to obtain proper combustion of the 
fuel in the furnace of the boiler. 

A few of the leading types of boiler in use 
in this country will now be briefly described. 


Fig. 6 is a cross-section of the oldest—or - 


Cornish boiler. The furnace is formed 
by the front end of the large central 
fire tube A, and is thus within the 
boiler. The hot gases travel back to 
the front by the side flues B, B, and 
away to the main exit flue, by the 
bottom flue C. А few of these boilers 
are still to be found in this country, 
but they have mostly been displaced 
by the two-flued or Lancashire boiler, 
and by the many varieties of the water- 
tube boiler. 

The Lancashire Boiler is shown in 
cross-section in Fig. 7. In its main 
features it resembles the Cornish 
boiler, but it possesses two central fire 
tubes A, A, and therefore two furnaces 
in place of one ; the gases travel back 
to the chimney by the bottom flue C. 
The Lancashire boiler is the most 
popular type in this country, and when 


well-designed and constructed, and FiG. 


when fired with a suitable fuel, it is 

a very efficient steam-raising apparatus. 
The length of furnace and provision of the 
secondary air supply requires careful adapta- 
tion to the fuel burnt. 

A mistaken attempt was made in the 
sixties to improve the steam-raising capacity 
of the Lancashire boiler by placing a number 
of cross water tubes in the two central fire 
tübes, right in the path of the flame and hot 
gases. These were intended to improve the 
circulation of the water in the boiler and also 
to increase the heating surface of the plates 
exposed to the hot gases. Fig. 8 15 a cross- 
section of this boiler. It had a brief period 
of popularity, but 15 now going out of favour 
again, since the cross tubes in the central 
flues reduce the draft, increase the tendency to 
produce smoke, and are not really needed to 
promote circulation of the water in the boiler. 
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Other types of shell boilers are the Scotch 
marine boiler, the dry-back boiler, and the 
locomotive fire-tube boiler; but limits of 
space will not permit a detailed description 
of these to be given. 

Another type of boiler, in which the water 
is circulated between two or more shells or 
drums, by means of a very large number of 
tubes which are directly exposed to the flame 
and hot gases, has become very popular in 
recent years, and is known as the water-tube 
boiler, "The chief advantage of this boiler, as 
compared with the Lancashire boiler, is that 
it contains comparatively little water, and 
that steam can be very rapidly generated, 
either when starting-up with ail cold, or when 
a sudden demand for steam is made upon it 
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9.—BABCOCK & WiLCOX WATER-TUBE BOILER. 


in the ordinary course of working. А large 
number of varieties of this type of boiler 
have been designed and patented, but only 
two of these can be dealt with here. Fig. 9 
represents the inclined tube type, made by 
Messrs. Babcock & Wilcox, and Fig. 12 is 
a diagrammatic elevation of the same, un- 
essential details being omitted. It will be 
seen from Fig. 12 that the water travels from 
the back E to the front end F of the large 
horizontal drum, through the large number 
of inclined water tubes, and that the gases 
from the furnace A are made to pass in a 
zig-zag manner among these tubes to the exit 
passage into the main flue at G. In order to 
avoid undue stress, and also to lessen the 
chances of air leakage through the brickwork, 
the boiler is suspended by tie bolts and 
slings, from steel columns shown in Fig. 9; 
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the brickwork casing is built up around it, 
after it has been accurately fixed in position. 

Fig. то shows a water-tube boiler of the 
vertical tube type in sectional elevation, made 
by the Stirling Water-Tube Boiler Company. 
In this type of boiler the drums are either 
four or five in number, and the tubes are 
much more inclined than in the Babcock 
and Wilcox type. The water drums are also 
smaller, and are placed parallel to the furnace 
and boiler front. The two back rows of 
tubes C and D serve chiefly for pre-heating 
the water, and most of the steam-making 
occurs in the front tubes E which rise directly 
above the furnace. The flame and gases 
travel in a zig-zag manner through the three 
sets of tubes, and arrive at the drop-flue at 
the back portion of the boiler setting at a 
comparatively low temperature. ‘The water 
for the boiler is fed into the back top drum 
A, and sediment and scale collect in the 
bottom drum B. It is claimed for this 
type of boiler, that there is less danger 
of the tubes becoming coated internally 
with scale, than in the other types in 


which the tubes are placed more hori- А IN. 


zontally. The furnace G of this type 
of boiler is covered for two-thirds of }, 
. its length by a fire-brick arch F, which 
assists in promoting combustion of the 
fuel, 
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Furnaces.—There are three 
essential conditions requisite 
for the perfect combustion of 
solid fuel, and these can only 
= be attained if the furnace of 
the boiler is well designed, 
2,\!| and permits of proper regula 
* tion and control of the air 
supply. 

'The three essentials of good 
combustion which must be 
maintained in the furnace of 
the boiler are :— 


I. А sufficiency of air, but 
not an excess of the same. 

2. A sufficiently high tem- 
perature. 

3. A perfect admixture of 
the air and volatile hydro- 
carbons. 


In order to obtain the 
first of these conditions with 
furnaces which are hand-fired, 
there ought to be some 
arrangement for varying the 
air supply at different stages 
of the combustion process ; for 
a furnace which has just been charged with 
solid fuel requires-more air above the fire-bars 
than one which contains only the glowing 
coke and cinders left after the volatile gases 
have been distilled and have passed away 
from the furnace. 

Fig. 11 shows the usual type of furnace of a 
Lancashire boiler, intended for hand-firing. 
The fuel rests on the fire-bars B, B, B, and air 
enters partly by the slits in the fire-door A, and 
partly by the ash-pit D. In some cases a 
slit is provided in the bridge wall C, and a 
further supply of air enters by this passage. 
When heated to a high temperature this 
* secondary" air supply, as it is called, is a 
great aid to perfect combustion. 

The great defects of this furnace, however, 
are, that in its usual form there is too little 
control of the air supply. As usually worked, 
it leads to the use of a large excess of air, 
and, in consequence, to a large loss of heat 
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in the exit gases. These losses will be 
discussed in Article V. 

If provided with a closed ash-pit, with a 
bridge air-supply also under control, and 
with a mechanical device for automatically 
closing the slides in the furnace door after 
the volatile gases have been distilled off each 
charge of fuel, this furnace is capable of 
giving excellent results with hand-firing. 

The length and grate area of the 
furnace, however, require adapting to the 
varlety of fuel used, and it is too often 
assumed that no alterations in these are 
required when changing to a new variety of 
fuel. i 

When a fuel containing 30 per cent. 
and over of volatile matter is employed 
with this type of furnace, the use of a fire- 
brick lining to the furnace and to the flue for 
a short distance beyond the bridge, will lessen 
the danger of smoke production, and improve 
the efficiency of the combustion process. 

Fig. 12 shows the usual type of furnace 
used for hand-firing with water-tube boilers. 
The furnace A is enclosed by brickwork, and 
possesses a closed-in аѕһ-р B, the air 
admission above and below the fire-bars 
being regulated by slides in the doors C and 
D. In some respects this furnace is an 
improvement upon the furnace employed for 
Lancashire boilers, but it has the grave defect 
that the products of combustion, after leaving 
the grate, directly impinge upon the lower 
banks of water-tubes, and this contact with 
masses of relatively cold metal reduces the 
temperature, and arrests or hinders combus- 
tion. In other words, this type of furnace 
ignores the condition (2) essential to perfect 
combustion, 7/z., that of temperature. 
Bituminous fuels, containing зо per cent. or 
over of volatile matter cannot, in fact, be 
burned in this form of furnace without the 
production of smoke. Details of the 
modifications which have been introduced, 
in order to remedy this defect, will be given 
in Article IV. 

When mechanical stokers are employed, 
the design of the furnace and regulation of 
the combustion process becomes much 
simplified ; for there is no intermittent 
opening of the furnace doors at frequent 
intervals of time. These stoking appliances 
feed the fuel into the furnaces, either con- 
tinuously or in small amounts, at very short 
intervals, without any air admission beyond 
that required for combustion ; and there is 
no sudden liberation of large volumes of 
hydro-carbon gas, such as occurs with hand- 
firing. 
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Figs. 13, 14 and 15 show two very common 
types of mechanical stoking appliances and 
furnaces ; the first two represent the chain- 
grate stoker, usually employed with the 
Babcock & Wilcox water-tube boilers ; 
Fig. 15 is a diagrammatic section of the 
Vicar’s coking mechanical stoker. 

In the chain-grate stoker (Figs. 13 and 14) 
the fuel is fed from a hopper on to a travelling 
bed, which carries it gradually forward under 
a fire-brick arch, and into the centre of the 
combustion chamber. If the speed of the 
travel of the grate and the feed of fuel be 
properly regulated, all the volatile gases are 
distilled off before the glowing fuel passes the 
fire-brick arch, and all the solid carbon is 
burnt out of the residue, before the remaining 
cinder and ash reach the end of the travel of 
the grate, and are forced over the bridge, 
shown in Fig. 14, into the ash-pit. 


Fic. 12.—SECTION OF BABCOCK & WILCOX WATER- 
TUBE BOILER AND FURNACE, 


In theory, the chain-grate stoker is ex- 
cellent ; but in practice it has the defect that it 
is most difficult to regulate the speed of travel 
of the grate and feed of fuel, so that all the 
carbon is consumed without production of 
bare spaces and admission of excess of air. 
Also there is a tendency amongst its users to 
curtail the arch and to allow the half-burnt 
gases to pass upwards too soon into the banks 
of water-cooled tubes. 

Fig. 15 is a diagrammatic section of 
Vicars coking stoker, as applied to a Lan- 
cashire boiler. The fuelis fed from a hopper 
A on to a dead-plate E by means of a ram B, 
and here the volatile hydro-carbons are dis- 
tilled off. ‘The half-coked fuel C is then 
carried forwards on to the centre of the 
furnace D, where the coking operation is 
completed, by means of moving fire-bars, 
which move forwards all together, but return 
in alternate groups. Under proper conditions 
of work only little unconsumed carbon finds 
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Fic. 13.—BABCOCK х WiLcox MECHANICAL STOKER. 
Front view, showing hopper. Fire doors open. 


m 
jj / // ini ж? 


VAs 7 / J 
Үс шш bu. 


D 
—-- 


~ 


Fic. 14.—BABCOCK & WiLcox MECHANICAL STOKER. 
View inside Furnace, showing bridge. 
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its way into the heap of ashes 
at F,and with suitable fuels and 
under capable management this 
type of stoker is said to give 
excellent results. 

It is evident, however, from 
the diagram, that the half-burnt 
gases are allowed to come into 
contact much too soon with the 
water-cooled boiler-plates, and 
that a fire-brick arch extending 
three-fourths of the length of the 
furnace is required, in order to 
prevent too early loss of heat, 
and retardation of the combus- 
tion process. ‘The open ash-pit 
is also a weak feature of this 
stoking appliance, since under 
bad conditions of work much 
air-leakage may occur. 

Limit of space will not permit 
of any detailed description of 
the other very numerous types 
of mechanical stoker now in use 
in this country for firing steam 
boilers. 

They may be divided into 
three classes, of which the 
“ coking ” and the “ underfeed ” 
stokers are, in the writer's 
opinion, the more satisfactory ; 
nevertheless, stokers of the 
“ sprinkling " type have enjoyed 
a considerable spellof popularity. 
When allied with well-designed 
furnaces, built with proper 
provision for prevention of air- 
leakage, and for maintenance of 
the temperature requisite for 
perfect combustion of the hydro- 
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carbon gases, good results can be attained with 
almost any one of these types; and the writer 
is not, therefore, inclined to judge between 
them. The wear and tear of mechanical 
stoking appliances, however, are considerable, 
and the maintenance charges for these plants 
are heavier than their makers are often 
ready to admit. The human stoker, there- 
fore, is to be preferred, excepting for very 
large boiler installations, in which the whole 
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PHOSPHORUS PRODUCTION 


T is not generally known that the electric 
furnace 1s being employed to an in- 
creasing extent for the manufacture of 
phosphorus, and that, in the opinion 

of those best qualified to judge, the whole 
of the phosphorus production of the world 
will, in time, be carried on by the electric 
furnace method. ‘The advantages offered by 
electricity in this manufacture are, first, that 
a cheaper raw material can be emploved ; 
second, that the heating of this material is 
more under control and that therefore the 
distillation of the phosphorus is more regular ; 
and, third, that the product obtained їп the 
condenser is cleaner, and worth a higher price, 
before refining. 

Phosphorus was prepared by Schecle, in 
1769, from powdered bones, in which it is 
present as calcium phosphate. ‘The method 
he devised for preparing it from this raw 
material has been in use, with slight modi- 
fications, down to the commencement of the 
present century. The bones were first 
roasted, and then powdered and heated with 
sulphuric acid; the solution of calcium 
hydrogen phosphate obtained in this way was 
then evaporated to the consistency of thick 
paste, and heated to a high temperature with 
powdered charcoal in clay retorts. А mix- 
ture of phosphorus vapour and carbon mon- 
oxide distilled over, under these conditions, 
and the former was condensed under water, 
asa yellow wax-like substance. The crude 
phosphorus thus obtained requires re-distil- 
lation. 

The great difficulty with the old method of 
production was to obtain retorts which would 
stand the combined action of the heat and 
the sulphuric acid, and in most cases the 
losses due to breakage and to gaseous diftu- 
sion through the walls of the retorts were 
very large. 

The electric furnace methods of produc- 
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of the coal and ash-conveying plant 15 con- 
trolled by machine power. If the fireman 
adds intelligence and skilled experience in 
the management of the combustion process 
to physical strength, the present writer 
believes that he will be able to obtain 
evaporative results with any fuel, equal 
to, if not better than, those obtained with 
even the best of the mechanical stoking 
apphances. 


continued.) 


IN THE ELECTRIC FURNACE. 


tion, on the other hand, dispense with the 
use of sulphuric acid, and are based upon a 
reaction which occurs when the bones mixed 
with sand (silicic acid) and charcoal are 
heated to a very high temperature in a. suit- 
able retort. Under these conditions the 
silicic acid combines with the calcium to 
form calcium silicate, and the phosphorus 
415015 over with carbon monoxide gas as 
before. This method of production was 
discovered by Wohler, and has been known 
for many years, but it could not be used 
upon an industrial scale until the advent of 
the electric furnace, since {һе temperature 
required to bring about the reaction is 
much above that attainable with clay retorts 
and the usual methods of external heating. 
The phosphorus, in fact, does not commence 
to distil over until a temperature of 1150? C. 
is reached, and the distillation is complete 
only between 1400° and 1500° C. 

Internal electric heating is necessary to 
айаш this temperature, and їп Germany, 
where already one-third of the output is 
obtained by the new process, gas-tight iron 
cylinders, lined with fire-clay, and carbon 
electrodes inside these retorts, are employed 
for carrying on the manufacture. The pro- 
cess is a continuous one, since the ‘molten 
calcium silicate can be run off from the 
bottom of the furnace while the raw materials 
are fed in intermittently or continuously at 
the top. The chief precaution necessary in 


- working this process 15 to maintain the tem- 


perature of the upper part of the furnace and 
its delivery pipe above the boiling point of 
phosphorus (290° C.), as otherwise stoppages 
of the pipes and explosions may occur. 

In this country Messrs. Allwright and 
Wilson, of Birmingham, are the only manu- 
facturers of phosphorus, and they are believed 
to be using an electric furnace—a process 
very similar to that described above. 


THE FIBROUS CONSTITUENTS OF PAPER. 


By CLAYTON BEADLE. 


Illustrated with photo-micrographs by Monsieur Marcel Rostaing. 


E may with advantage here 
introduce the subject of 
rosin sizing, as the papers 
about to be considered are 
as a rule not sized with 
gelatine at all, but only with 
rosin. The fact that paper 

could be sized and rendered ink-proof by the 

addition of rosin was discovered about the 
year 1800 by M. F. Illig, of Erbach, a watch- 
maker, who was working as a journeyman in 

a paper mill at Crollwitz. In 1806 and 1807 

Illig communicated his secret in a pamphlet 

entitled ** Instructions for Sizing Papers in 

the Pulp after a Sure, Simple, and Cheap 

Method." He believed that the fibres were 

embedded in the rosin, and that the sizing 

qualities were to be attributed to the water- 
repellent qualities of the rosin. His succes- 
sors, on the other hand, believed that it was 
due to the formation of a compound of rosin. 
Dr. C. Wurster, who thoroughly investigated 
the subject, proved beyond doubt that the 
rosin existed in the paper as “free rosin,” 
and that Illig was therefore right in his views ; 
but there are still, to this day, papermakers 
and papermaking chemists who believe that 
the sizing is due to a compound of rosin and 
alumina. It is quite unnecessary in this 
article to recapitulate the work that has been 
done on this subject, as students on paper- 
making can obtain this from the various text- 
books on papermaking, in detail, if they 
make use of Hoffmann’s “ Treatise on Paper- 
making," published by Sampson, Low. We 
are only concerned here with any information 
that may throw fresh light on the subject. 
The researches about to be described appear 
at first sight to favour the compound hypo- 
thesis, but I think it will be conceded that 
the probable explanation is, that free rosin is 
the real sizing agent, and not a chemical com- 
pound of alumina and rosin. But in order 
to get the best effect, it is expedient that the 
softening point should be raised by the 
presence of bodies such as, alumina. 
Monsieur Marcel Rostaing's researches, 
which he has been good enough to communi- 
cate to me for the purpose of this article, 
throw fresh light upon the subject. Rosin 
size is prepared by boiling rosin with caustic 


soda or carbonate of soda: it consists 
essentially of resinate of soda containing free 
rosin held in suspension. When cold it has 
somewhat the consistency of soft soap. It is 
sometimes opaque, sometimes transparent, 
and sometimes has a streaky mottled appear- 
ance, according to the relative proportions ot 
its ingredients. In this condition it is stored. 
Before using, it is mixed with water at about 
120? Fahr., so as to produce a dilute solution 
of about з Tw. The solution is generally 
milky, due to the presence of free rosin sus- 
pended in a very finely-divided state. This 
* milk of rosin," as it is called, is added to 
the beating engine; alum is then added, 
whereby the rosin is precipitated in contact 
with the pulp. Although rosin alone is the 
sizing agent, a certain amount of flocculent 
alumina is precipitated with the rosin, and 
this becomes mixed with the rosin and en- 
tangled with the fibres. Other precipitating 
agents have been tried, such as sulphuric 
acid, but it is said to be impossible to get a 
good sized paper by precipitating the rosin 
size with sulphuric acid, the reason for which 
has not been adequately explained. 
According to Wurster's published researches, 
the precipitate obtained by decomposing rosin 
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Fic. I— GROUND ROSIN AS REDUCED TO A POWDER 
BEFORE BOILING IN SODA FOR CONVERSION 
INTO ROSIN SIZE. 

(Magnification, 180 diameters.) 
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size with sulphuric acid is coarse and com- 
pact, and less waterproof than when the size 
is precipitated by alum. Compare Figs. 2 
and 3, which appear to indicate that this is 
the case. Might this not be due to the 
associated alumina preventing the aggrega- 
tion of the rosin particles, which latter are 
free to come together when acid is used? 
Compare Figs. 1 and 2, the former showing 
particles of rosin ground to a powder before 
conversion into rosin size, the latter after 
precipitation in a hydrated flocculent condition. 
The former, however finely ground, are no 
good for sizing the pulp.  Rostaing's re- 
searches show that the melting point of a 
precipitate obtained by precipitating the rosin 
size by sulphuric acid is lower than that of 
the commercially ground rosin from which 
the rosin size had been prepared, the figures 


being as follows :— Melting Point. 


Rosin precipitated by sulphuric 
"P 91°С. 


аса . a 
Ground rosin . . . 98° C. 


This may be due to the fact that commercial 
rosin is not a pure substance; it contains 
turpines and other bodies that cannot be 
precipitated by the addition of an acid. 
The commercial product has the formula 
Са He Oy. The active principle is a sub- 
stance consisting essentially of  abietic 
anhydride, which after saponification with 
soda and subsequent precipitation is con- 
verted into abietic acid (C,, He, O,). On 
account of the presence of various foreign 
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Fic. 2.— PARTICLES OF FLOCCULENT ROSIN PRE- 
CIPITATED FROM ROSIN SOAP BY THE ADDITION 
OF SULPHURIC ACID. 

(Magnification, 180 diameters.) 
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Еіс. 3.—PARTICLES OF FLOCCULENT ROSIN PRE- 
CIPITATED FROM A SOLUTION OF ROSIN SOAP 
BY THE ADDITION OF ALUM. 
(Magnification, 180 diameters.) 


substances in the original product, it is never 
constant in composition ; but the precipitate 
obtained from the size can be regarded as 
fairly constant, except for the presence of 
more or less alumina, which always accom- 
panies it. I am unable to explain why it is 
that the melting point of the precipitate is 
lower than that of the original ground rosin. 

It must not be forgotten, however, that 
rosin will vary anywhere from 98° to 135° F. 
in melting point. Rostaing suggests that the 
low melting point of the product precipitated 
with sulphuric acid may possibly account for 
the unsatisfactory result obtained. ‘That the 
melting point of the precipitated rosin is 
raised in proportion to the amount of alum 
used to precipitate the rosin is very evident 
from Rostaing’s figures :— 


Quantity of Alum per Melting point of the 


100 К. of Rosin. precipitate, 
24 190° C. 
тоо 210°C. 


It appears to me that this will hold good 
so long as extra alumina is precipitated 
along with the rosin. This will only take 
place so long as there are substances present, 
such as soda, lime, salts, etc., capable of 
bringing about this alumina precipitation. 
I should expect that all alum added in excess 
of such quantity would not raise the melting 
point, and would consequently be wasted. 

It is worthy of notice that a small propor- 
tion (such as 24 per cent.) of alum has had 
the effect of enormously raising the melting 
point from 91° to 190" when the sulphuric 
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acid and alum precipitates are compared. It 
is a well-known fact that at about 200° rosin 
will distil in a current of steam without any 
appreciable change. When passing over 
drying cylinders the wet paper is giving off 
large quantities of steam into the atmosphere, 
and possibly some of the rosin (if precipitated 
by sulphuric acid) might be driven off; but 
the loss сап only be slight, and could not 
account for the inferior results obtained in 
this instance. As this hypothesis cannot be 
made to account for the difficulty of using 
sulphuric acid, the mere difference in the 
melting points may be made to account for 
it. If the rosin is too readily melted by 
contact with the steam cylinder, it may be in 
too soft and plastic a condition, whilst the 
paper is being deprived of its moisture under 
such conditions. The result may be the 
same as when tub sized papers are dried 
at too elevated a temperature, the sizing 
material coating the individual fibres 
instead of filling up the interstices between 
these. (See TECHNICS, January number, 
p. 30.) If the fibres themselves are coated 
and the interstices are not filled up, the 
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FIG. 4.—SoME OF THE PULP: ‘TAKEN FROM WIRE, 
SHOWING PRECIPITATED ROSIN MIXED 
WITH FIBRES. 

(Magnification, 120 diameters.) 
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FIG. §.—SAMPLE OF PULP TAKEN FROM WIRE, 
SHOWING PRECIPITATED ROSIN AND STARCH 
MIXED WITH THE FIBRES. 
(Magnification, 180 diameters.) 


paper does not become inkproof, as the 
ink is still able to pass through the spaces 
between the fibres. Rostaing’s researches 
appear to me to point in this direction. The 
presence of alum or some such infusible 
material, to mix with and raise the melting 
point of the rosin sufficiently to prevent 
the latter from being in too soft a condition 
as the paper is being dried over the heating 
cylinders, appears an essential element. On 
the other hand, I am disposed to think that 
the precipitate must not be so high in its 
melting point as to render particles too hard 
to amalgamate together, otherwise they would 
hardly fill in the interstices. If too fluid, the 
microscopic films of rosin are likely to burst, 
the rosin merely coating the fibres. 

In regard to the quantity of alum necessary 
for the precipitation of the size, a great deal 
has already been written. Assuming my 
theory to be correct, it would remain to be 
proved what melting point will give the most 
favourable result. To investigate this it 
would be necessary to prepare precipitates of 
different ratios of alumina to rosin, determine 
their melting and softening points, and ob- 
serve their sizing effects. As to the amount of 
alum in everyday practice, so much depends 
upon the hardness of the water, the basic 
constituents of the fibres, etc., that no definite 
rule can be laid down. Rostaing obtained a 
good-sized paper by using 5 kilos of rosin 
soap containing 3°37 kilos of rosin per тоо 
kilos of paper, and for the precipitation of 
this soap he used 3:5 kilos of sulphate of 
alumina. ‘That the rosin, precipitate from 
the rosin size mixed with the pulp, is not 
precipitated ол the cell walls of the fibres can 
be seen by reference to photo-micrographs 
Figs. 4 and 6. Rostaing came to the same 
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conclusion on examining under the micro- 
scope an unwashed sample of bleached 
pulp taken on the wire of the paper machine. 
The same can be seen by examining the 
sized pulp taken from the beater. The 
precipitate is evidently not formed ол the 
fibres, but is only mixed with the pulp. 
Indeed, the edges of the fibres are very clear, 
and the fibres themselves are very transparent, 
which could hardly be the case if they 
were thoroughly coated by a precipitate of 
flocculent rosin, which is seen by the photo- 
micrographs Figs. 2 and 3 to be opaque. 
This view is confirmed on studying a sample 
of the paper taken after passing over the 
drying cylinders. It will then be seen that 
the fibres are darker, and fastened together 
with a material similar in appearance to a 
thick cement. (See Fig. 6.) Rostaing's final 
researches appear to confirm this extremely 
unorthodox view, particulars of which he has 
forwarded to me. He has shown that it is 
possible to obtain a good sized paper by 
precipitating the rosin not in contact with 
the pulp in a separate vessel. As far as I 
know, it has always been held, and I have 
held strongly to the view myself, that it is a 
sine quà non that the rosin size should be 
added to and precipitated in contact with a 
pulp, and that no result could be obtained 
by precipitating it in a separate vessel and 
adding it to the pulp afterwards. 
An important economy suggests itself. 
The method of precipitating out of the beater 
in a separate vessel might with advantage be 
resorted to when the water in the engine 
chest requires a lot of alum to soften and 
neutralise it (as is often the case). І have 
before me a sample of paper sized by this 
method, using per roo kilos of paper :— 


3°37 kilos. 
1°70 kilos. 


Rosin 
Alum 


This process further suggests the possibility 
of supplying a precipitated, hydrated, floc- 
culent rosin or mixture of alumina and rosin 
to papermakers in lieu of rosin size, so that 
this precipitated mass could be added direct 
to the beater without the addition of alum. 


Fic. 6.—SAMPLE OF PAPER, TAKEN AFTER LEAVING 

_ DRYING CYLINDERS, SHOWING THE ROSIN SIZE 

TAZ: DRIED AND MIXED WITH THE FIBRES. 
(Magnification, 180 diameters.) 


I will not claim that these researches lead 
to final conclusions, but they suggest that the 
generally accepted views held in regard to 
the action of rosin sizing are incorrect. 
Further work on the lines of Rostaing’s 
recent researches should settle this point. 


(To be continued.) 


COMMERCIAL PHOTOMETRY. 


By JOHN Е. SIMMANCE, A.M.Inst.C.E., М.І. Mech.E. 


HE scientific applications of 
Photometry are numerous ; 
its practical use is principally 
confined to the comparison 
of different methods of arti- 
ficial lighting, and it is with 
this aspect alone that the 
following notes and descriptions deal. 

It should be premised that the photometer 
proper consists, not of any apparatus at all, 
but only of the eye ; for it is the sound and 
normal eye which alone can judge whether 
one luminous intensity is greater than another. 
The unaided eye cannot, however, judge Aow 
much greater one intensity is than another, 
and so we require three things :—(1) А 
standard of known value; (2) a means of 
comparing the light to be measured with the 
standard light; and (3) a law derived from 
experiment. The apparatus (generally called 
a photometer) designed to meet the require- 
ments specified in (2) will subsequently be 
referred to as the “ photometer head.” 


THE PHOTOMETRICAL LAw. 


The rules governing the measurement of 
light are very simple; they are included in 
all text-books of light, and need only be 
mentioned here. 

(a) Keplers Law of Inverse Squares, viz. : 
“The quantity of light falling on a given 
surface varies inversely as the square of the 
distance of the surface from the source.” 

(b) Lamberts Cosine Law, viz.: “The 
intensity of illumination received obliquely 
on a surface is proportional to the cosine of 
the angle which the luminous rays make with 
the normal to the illuminated surface.” 

(с) The Generalised Photometric Law, com- 
piled from the above, is that 


where е denotes the light falling on unit area 
of a given surface, I is the intensity of 
the source, 0 the angle of incidence of the 
luminous rays, and æ is the distance of the 
source from the illuminated surface. 

The practical application of these laws will 
be clear from what follows. 

Let a standard light of х candle, held at 
o'5 metre from the photometer head, balance 
a second light held in the same horizontal 
plane at r'o metre from the photometer 


head. What are the relative intensities of 


. 2 
the lights? ‘The answer is (1 1 „ = 4,50 that 


(o' 5) 
the power of one source being 1 candle, that 
of the other is 4 candles. The intensity 
falling on the photometer head is naturally 
the same in each case, as 1s seen from the 
generalised photometric law, e = (I cos @)/4. 
In this case the angle which the luminous 
rays make with the normal to the illuminated 

surface = o, and cos б = 1. 
Thus, taking the standard of light first, 
the intensity it throws on the photometer 
IXI 


head is p d 4'o metre-candles. The 
intensity thrown on the photometer head by 
the other light is just the same, for ¢ = ae : 


= 4'o metre-candles. 

It will be seen from the above that we canh 
accurately test lights which are at an angle to 
the photometer head if we always arrange 
that, in taking the readings, the angles which 
the measured and the standard lights make 
with the normal to the illuminated surface are 
equal, for then 0 in both cases is the same. 
This is the reason of the practice, in angle 
testing, of what is known as “halving the 
angle." 

The Standard of Light of known value.— 
It is probably accurate to state that there is 
no such thing as an abso- 
lute standard of light, so 
we have to work with 
some source which is as 
accurate as possible. The 
usual standards of light 
are (1) the English sperm 
candle; (2) the amyl- 
acetate lamp; (3) the 
pentane ro-candle Har- 
court lamp; and (4) the 
Carcel lamp. Table I. 
gives comparative values 
and enables other 
standards to be used, 
so that results measured 


in terms of different 
standards can be reduced . 
to a common basis. P 
The use of these ratios 
will enable results in, Е 
IG. 1. 
say, hefners to be trans- STANDARD 


posed into candles; but РемтАмЕ Lamp. 
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TABLE I.—CoMPARATIVE VALUES OF DIFFERENT 
STANDARDS OF LIGHT. 


English | Simmance 


Standard | | Pentane Ten 
Candle or Hefner ^ or Methven | TN 
Simmance Lamp. Carcel. ; "uo | e 
One Candle Candle “2164ге. 
Standard. Standard. 
= tise: = | | 
I I'I4 O'IIO | 05 ' o'I 
0°877 I'O 0°096 | 0°438 | o'o88 
9'I 10° 37 I'O 4'55 O'9IO 
2:0 2°48 | 0:220 | I'O 0:2 
100 11:40 1-10 | 5'0 o 


To find the equivalent of any standard, take the 
line in which the standard used appears, at 1 (under 
its own heading), and the multiplier for conversion 
will be found in the same line under the heading of 
the standard required. Thus, if we wish to see how 
many hefners a Methven standard equals, look under 
Methven 1, and in the same line, under Hefner, we 


find 2°48. 


modern photometry requires not only the 
expression of intensity of sources, but also 
the expression of light effect or illuminating 
effect, and to do this we require two things : 
(1) a unit of lighting power, and (2) a unit of 
distance. Unfortunately, there is no common 
international basis for this expression, owing 
to the use of different units in different coun- 
tries. In England, and in countries where 
English units of measurement are used, the 
unit 15 a foot-candle—; e, the illumination, at 
a distance of one foot, from a standard candle. 
The illuminating effect (as the light in the 
streets or on any given surface) is 
found from the generalised photo- 
metric law explained above. Thus 
a candle held at one foot from a 
given surface produces an illumi- 
nating effect on the surface of one 
*foot-candle." If it were o'5 
foot away, the effect is = 
m 


four “ foot-candles.” If it were 


two feet away, the effect is 2 or 
2 


9? 

i “ foot-candle." 

In Germany, the unit used 15 
a ‘“metre-hefner,” or а “lux,” 
although a ‘“metre-candle” is 
sometimes used. The ratios of 
the two methods of expressing 
illuminating effect are as under :— 

To convert foot-candles to 
metre-hefners, multiply by 12°27, 
since one foot-candle = 12°27 
metre-hefners, or luxes. 

To convert metre-hefners or 
luxes to foot-candles, multiply by 
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0'08147 (or divide by 12°27), since one 
metre-hefner or lux = 0'08147 foot-candle. 

The Photometer. Head.—Whatever may be 
the form of bar or bench used, and whatever 
may be the standard of light against which a 
gas-lame or other source of light is to be 
tested, it is absolutely essential that the 
comparison part of the modern photometer 
(or the photometer head) should be capable 
of use with lights whose colours differ from 
that of the standard. The most practical 
arrangement fulfilling these conditions 1s the 
Simmance-Abady flicker photometer. A good 
form of Bunsen disc, a Lummer-Brodhun 
head, and many other appliances, are per- 
fectly accurate so long as the two lights to 
be compared are of the same colour; but 
directly the light to be tested varies from 
the standard in colour, then great difficulty 
arises, and the reading becomes only guess- 
work. This colour difficulty is entirely 
eliminated by the use of the flicker photo- 
meter; and incandescent gas burners, high 
power lights, arc lamps, and in general 
luminous sources of any colour or intensity 
of light can be tested with equal accuracy. 
The following are points of interest with 
regard to the photometer :— 

This photometer is of the alternating-light 
type, recently called in France the “ scintilla- 
tion-photometer," but more generally known 
in America and England as the “ flicker.” 
Based upon Newton's experiments, the prin- 
ciple embodied was, about ten years ago, 


ou, 


—— 


“= uv e 
„оо А \ t 
oUm ee E 


Fic. 2.—PHOTOMETER HEAD, SIMMANCE-ABADY PHOTOMETER, 
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studied and utilised in light measurement by 
Rood, who, however, failed to discover the 
true lines upon which the Newtonian theory 
could be reduced to photometrical practice. 
A very long experience with all the known 
varieties of the “ flicker ” photometer, and the 
construction of many others of different 
patterns, resulted in the design of the present 
instrument, which is most sensitive to degrees 
of lights of the same colour, and also enables 
the intensities of the most violently contrasted 
tints to be compared and balanced. 

The rules to be observed are as follows: 
The light effects must be in juxtaposition 
without any apparent division line, and must 
move, oscillate, or rotate so that the point 
of juncture of the two illuminated surfaces 
passes and returns entirely across the vision- 
field. Any hiatus, or longer exhibition of 
one light than the other, biases the result. 
The observation surface or surfaces upon 
which the light rays fall must be at exactly 
the same distance from the eye, at exactly the 
same angle in relation to the line of sight, 
and must be of pure white, such as is afforded, 
for example, by clean chalk, plaster of paris, 
magnesium carbonate, or barium sulphate. 
Any tint affects the accuracy of the result. 
The observation surfaces must also them- 
selves in turn occupy the field of vision; an 
“ apparent" movement (due to an optical 
illusion) does not afford accurate results. 

The flicker photometer renders possible 
not only the companson and measurement 
of lights of various tints, but also far more 
delicate and close photometry when the light 
to be measured is of the same colour as the 
standard. Thus, a signal green lamp, or an 
electric arc of high 
intensity, may Бе 
measured with cer- 
tainty against a 
Hefner, a Carcel, a 
pentane lamp, or a 
standard candle; and 
the reading between, 
for instance, two in- 
candescent glow 
lamps may in a like 
manner be brought 
to a very fine degree 
of accuracy. 

Briefly, this instru- 
ment does all the 
work which can be 
done with an ordinary 
photometer head, 
such as a Bunsen disc 
or Lummer-Brodhun, 
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but with much greater accuracy ; in addition, 
it is the only practical means of estimating 
coloured lights, etc. 

To detail briefly thc construction of the 
Simmance-Abady photometer : It consists of 
a wheel (Fig. 3) of white material, with a 
specially-shaped periphery; this wheel is 
caused to revolve before an eyepiece by 
means of a suitable motor. At right angles to 
the line of sight, and parallel with the axis of 
the revolving wheel, are the two lights under- 
going examination ; the rays from these fall 
upon the shaped periphery of the wheel, 
enabling the effect of each light to be seen in 
turn through the eye-piece. 

Fig. 3 shows the four cardinal positions of 
the wheel, in sequence, illuminated by two 
unequal lights. It will be seen how the light 
effects travel across the line of vision, and 
alternate as the wheel revolves. 

The peculiar shape of the reflecting wheel 
affords means for using it in ways quite 
impossible to any other form of colour 
photometer; it may, for instance, be used 
to test lights at various angles from the 
horizontal. Having found the careful cutting 
of the angles of the wheel to be of so much 
importance, it necessarily follows that, when 
lights out of the horizontal are being tested, 
the box containing the wheel must be care- 
fully turned on its axis, so as to maintain the 
arranged conditions. | 

The Photometer Bar.—In using an instru- 
ment of precision like the photometer head 
described, it is obvious that the arrangements 
of the photometer bench and mounting of 
the photometer head must be such as to 
allow of perfect alignment, adjustment, move- 


Еіс. 3.—Four POSITIONS OF WHEEL OF SIMMANCE-ABADY PHOTOMETER. 
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ment of the “head” or the light, and of clear 
and easy reading. 

The bar preferentially adopted for general 
work consists of two steel tubes, 2°54 cm. in 
diameter, and of such a length that, for 
ordinary horizontal testing, lights can be 
placed at two meters apart. The steel tubes 
are attached to three iron brackets (Fig. 4) with 
arrangements for levelling, and are enamelled 
and graduated with white incised divisions, 
one scale being in centimetres figured from 
each end, and provided with millimetre 
verniers, and the other scale being direct 
reading in terms of unity when the lights 
are two metres apart. Each carriage has a 
wide base, and runs on rubber-tyred wheels ; 
while the lights to be tested and the disc 
box can all be adjusted as to height and 
brought to perfect alignment. The carriages 
can be clamped at any position, and will 
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The manipulation of the photometer is the 
same in all cases; the following instructions 
must be carefully carried out. 

The principal point to be observed in 
mounting the photometer is that the lights to 
be measured must be in perfect alignment, 
vertically and horizontally. The sensitive- 
ness is such that any inequality of angle 
between the lights and the sighting-box 
affects the reading, although such differences 
could not be observed on the less sensitive 
screens in general use. The necessity for 
accurate alignment will be fully appreciated 
when the general photometrical law, 
ё = (I cos 0)/d?, is considered in connection 
with the fact that the Simmance Abady 
photometer allows variations in e due to 
very small variations of 0 to be visible. A 
lenticular arrangement is provided in most 
patterns, for ensuring the accurate adjustment. 


FIG. 4.— PHOTOMETER BENCH. 


support a candle balance, a ten-candle Har- 
court pentane lamp, and smaller pentane 
standards, or a Hefner (amyl acetate) lamp. 
The other carriage will take any kind of gas 
burner, and is also arranged for leading 
through wires and fitting a standard lamp- 
holder for testing electric incandescent lamps. 
The third carriage takes the photometer 
head. All three carriages are interchange- 
able, so that gas or electric current can be 
led to either of them. 

It is impossible to enumerate all the con- 
ditions under which it may be desired to use 
a photometer, so I confine myself to brief 
but sufficient details. 

' (a) For testing the illuminating power ог 
quality of gas. һи 

(^) For testing any gas or electric light 
horizontally. | 

(c) For testing any gas or electric light at 
all angles, and obtaining the spherical or 
hemispherical intensity. 


The sighting telescope must be adjusted to 
suit the sight of the operator. А large, clear 
disc should be observed; that is, the lens 
must be focussed on the diaphragm. The 
larger the apparent disc the better, so 
long as the circumference is sharp and 
distinct. 

Before making tests, wind up the clock. 
The photometer head is self-contained, no 
motors or other devices being required. The 
rotation is commenced by turning the starting 
knob. ‘This causes each of the light effects 
to be thrown in rapid alternation through the 
sighting tube upon the observer's retina. The 
sighting box must now be moved nearer the 
lesser light (which is the lesser, is apparent 
at the first movement), and it will be found 
that at a certain spot the appearance of 
flickering ceases, and only a clear, steady 
disc is observed. This is the point of 
equality of the lights. 

This method of balancing (7.¢., the method 
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of moving the disc-box) can be varied as 
hereafter explained. 

Greater delicacy of reading is obtained by 
lessening the speed of rotation by means of 
the regulator, which also acts as starting- 
knob. The speed regulator is very sensitive, 
and a slight turning effects an appreciable 
alteration in the speed. 

For very powerful lights (or for great 
differences in colour) a quicker movement is 
desirable. For lights of the same colour, the 
very slowest speed should be used; the 
rotation may even be stopped altogether—by 
holding the hand on the winding key. "Thus 
the two light effects will be seen alternately, 
alternating more and more slowly until it will 
be found that the change from rotation to 
quiescence produces no alteration in the 
appearance. "The ultra-precision obtained by 
this test will be appreciated by those engaged 
in scientific research. ‘To obtain this sensi- 
tiveness it will be obvious that only a pure 
white sighting wheel may be used; this should 
never be touched by hand, and it should 
always be enclosed carefully after use. 

'Those operators who have been accus- 
tomed only to the rough-and-ready Bunsen 
disc (excellent as it is for ordinary work) 
may find the change to the Simmance-Abady 
photometer irksome, but a little experience 
and practice will lead them to appreciate its 
exactitude. 

In an account of some tests by this photo- 
meter, published in the British Optical 
Journal, April, 1904, it is stated that the 
sensitiveness was found to be т in 1,500, or, 
roughly, o* o6 of 1 per cent. 

It appears quite certain that the relative 
intensities of two lights, whether of similar or 
different colours, can be accurately and easily 
gauged by the method described above. An 
interesting experiment has recently been con- 
ducted by Mr. Roxburgh and Mr. Young, of 
the Ophthalmic Hospital. Readings upon this 
photometer were made independently, firstly 
by Mr. Jacques Abady, who is an experienced 
photometrist, but suffering from astigmatism ; 
secondly, a gentleman with a pupil dilated by 
treatment with atropin; thirdly, a patient 
from the hospital, absolutely colour-blind ; 
and fourthly by the writer, whose sight is 
considerably impaired, but who has some 
experience with photometer reading. All the 
results coincided, and this not only when the 
lights were of the same white tint, but with 
red against white, green against white, and 
green against red. А test of very dark blue 
against red showed slight discrepancies, owing, 
probably. to the great obscuration of the light 
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by the blue (almost black) glass ; but even 
these discrepancies were no greater than 
would probably have occurred when using a 
Lummer-Brodhun, or a Bunsen disc with 
lights of the same colour. 

The method of reading with this photo- 
meter resolves itself into the simple process of 
deciding whether the disc of light seen through 
the sighting tube is uniform or flickering. 
An observer who makes a reading for the - 
first time, when he fully understands that he 
is required to do no more than this, can read 
with as great facility and accuracy as an 
experienced operator; and it is this facility 
which gives value to an apparatus intended 
for testing the high intensity lights in vogue 
at the present time, and also colour effects. 

As to the causes of the phenomenon, they, 
no doubt, are simple on the surface, but may 
be more complex when closely considered. 
The pupil of the eye cannot adjust itself to 
the rapidly-changing intensities, and when 
the balance is struck, the light, being un- 
changing and motionless, permits of pupil 
adjustment. The colours then blend, by 
persistence of the impression; but should 
the intensities again change, this retentive 
sense is dulled by the anxiety of the nerves 
controlling the pupil orifice to perform their 
work, an endeavour, however, frustrated by the 
rapid changing. Professor Hering believes 
the physiological senses of perception of 
colour and brightness to be different, the 
former being possibly present without the 
latter. In using the photometer, it is sug- 
gested that the instrument shall be moved 
along the bar rather quickly, while the disc 
is observed through the sighting-glass. ‘The 
* motionless" point will then be apparent at 
once, and by a little practice (which in this, 
like everything else, generates confidence) an 
operator will swing the disc-box into its 
balance of intensity without an effort, and 
without giving the sensitiveness of his retina 
time to suffer from the numbing effect of the 
flickerings or throbbing. ‘These conditions 
point to the possibility of the eyes becoming, 
under other conditions of stress, unable to 
appreciate the disappearance of the flicker. 
Obviously, if fatigue can produce such effects 
as described, certain conditions of health will 
act similarly. It may be that a bad liver 
will produce a constant flicker effect; it is 
quite certain, however, that no conditions, 
short of partial or absolute blindness, can 
prevent the point of equality of intensity 
being appreciated, although different appear- 
ances of the disc may be observed, according 
to the varying conditions of the retina. 


3 X 


522 


The Purkinje Effect.—It is submitted, with 
all deference to the expressed opinions of 
many of the world’s greatest scientists, that the 
Purkinje phenomenon does not affect the 
accurate working of the form of flicker 
photometer shown, if, indeed, it affects any 
form of alternating photometer. The 
Purkinje effect may be briefly described in 
this way :—A right-angled wedge receives 
upon one face the reddish light from a 
pentane standard, and on the other the bluish 
light from an arc lamp ; we adjust the relative 
positions of the arc lamp, the pentane standard 
and the wedge, until we obtain what we con- 
sider is an equal illumination on the two 
adjacent sides of the wedge. If we now 
move both these lights to half their original 
distances from the wedge, we find that the 
apparent brightnesses of the two surfaces are 
по longer equal. [tis quite clear from this that 
the retinal sensation of brightness does not in- 
crease according tothe same law for all colours; 
the same conclusion may be deduced from 
the laws due to Fechner and von Helmholtz. 
It 1s obvious, therefore, that no unaided eye 
can judge accurately in photometrical com- 
parisons so long as the disturbing effect of 
colour is present, unless the distances between 
the receiving surfaces and the lights are 
arranged according to some rule which must 
take the place of that of inverse squares. 
To put this in another way, it follows that 
even though an expert photometrist can, 
with a Bunsen or Lummer-Brodhun apparatus, 
arrive at what he is certain is a fair balance 
of the two tints he 1s comparing, yet grave 
doubts must exist as to whether the relative 
candle-powers of the two sources are truly 
indicated by this balance. 

The Purkinje effect 1s purely а colour 
effect, and colour does not enter into con- 
sideration in the “flicker” photometer. No 
опе would dream of considering a colour- 
blind person to be affected by the Purkinje 
law, and yet, as has been shown, such a 
person can read accurately with this photo- 
meter. The experiments made to prove the 
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Purkinje phenomenon have all been carried 
out with coloured surfaces: never, so far as 
is generally known, with a scintillation 
photometer ; but conclusive trials have shown 
that with this instrument, no alterations in 
distance disturb the true readings. А red 
light compared with a green at 3 meters 
gives the same result as when the distance is 
2 meters; and an are light tested against a 
ro-candle pentane lamp at до feet indicates 
the same candle-power as when the distance 
is reduced to 15 feet. Thus the question 
of colour does not interfere with the results. 

The accuracy of the photometer for 
coloured lights is confirmed by the following 
experiments, Two standard lamps of exactly 
the same power were used, one at each end 
of the photometer-bar. А coloured glass 
screen was interposed, to intercept the rays 
from one light, which was then measured 
against the unscreened light. ‘This gave а 
value for one coloured screen. А second 
colour was then substituted for the first, and 
its value measured against the same un- 
screened light. Thus the following values 
were obtained :— 

(a) Unscreened lights. 

(4) Candle-power of one light screened 
with one colour. 

(с) Candle-power of the same light screened 
with the other colour. 

It is obvious, therefore, that one obtained 
the theoretical ratios of the one light screened 
with the first colour in terms of the other light 
screened with the second colour. The one 
colour was then compared against the other, 
and the results show almost perfect agree- 
ment with the theoretical values. Various 
initial powers of lights and various lengths of 
bars were used in these experiments. All 
the readings on the bar were computed 
according to the law of inverse squares, and 
it is clear, therefore, that the absence of 
“flicker” indicated by the Simmance-Abady 
photometer gives us a trustworthy means of 
determining the candle-power of a light, no 
matter what may be its colour. 


(Zo be concluded.) 


NOTES ОМ SOFTENING AND PURIFICATION 
OF WATER FOR STEAM RAISING.” 


By LOUIS J. LE CLAIR, A.Glas.T.C., A.M.I.E.E. 


ETHODS of treating hard 
waters were known many 
years before Dr, Clark 
patented his process in 1841, 
but until comparatively 


recent years little attention - 


had been directed to the 
treatment of boiler feed water, in “ softeners ” 
for the prevention of scale formation, or in 
* purifiers " for the elimination of grease from 
condensation water. 

Both scale-forming constituents and grease 
are most objectionable in feed water, and 
every effort should be made to reduce the 
former to a minimum, and to entirely eliminate 
the latter. Scale reduces the heat-trans- 
mitting efficiency of boiler plates, as may be 
seen by the curve in Fig. т: the average loss 
amounts to about 8 per cent. for each one- 
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FIG. Т. 
Loss of Heating Efficiency due to Scale 
on Boiler Plates. 


sixteenth inch thickness of scale; certain 
scales, however, resist the transmission more 
than others, sometimes nearly doubling the 
above figure. It is also worth remembering, 
with regard to water-tube boilers, that the 
formation of scale decreases the internal 
diameter, and, in consequence, the heating 
surface of the tubes. In boiler furnaces free 
from scale and soot the “thermal head” 
between the surface of the metal next to the 
fire, and that next to the water is compara- 
tively small. А coating of scale or grease 
increases this considerably, as may be seen 
from Fig. 2, which 15 a diagram of some of 
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* Paper read. before. the Institution of Electrical 
Engineers, Dublin Local Section, April 13, 1905. 


Hirsch’s experiments, carried out with a 
clean plate and риге water, and then with 
coatings of oil and scale. It will be observed 
that at 451b. per square foot per hour (for а 
flame temperature of about 1,500" F.), a com- 
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FIG. 
Temperature on Fire Side of ‘Boiler Plate 3 inch thick 
when Evaporating Pure Water at 212° F. 
Water Side of Plates clean, and coated with 


Scale and Oil. (Hirsch.) 


parison between temperatures on the fire-side 
(т) when using a clean plate, and (2) with a 
layer of scale one-fifth inch thick, shows the 
former to be about 380° F., and the latter 
665° F.—an increase of 285° К. It might be 
mentioned that iron at 750° F. is just visible ` 
in the dark as a dull red. Table I., which is 
made up of extracts from Sir А. Durston's 
experiments on the effect of grease in boilers, 
again shows the great retardation of heat 
transmission, and the heating of boiler 
plates from this cause (Proceedings of the 
Institution of Naval Architects, 1893). 

Figs. 3 and 4 show graphically the fall of 
temperature from the flame to the fire-side of 
the plate, and thence to the water-side, for two 
of the experiments in Table I. ‘The fall from 
one side to the other (or thermal head) with 
a clean plate was 28° F., while a coating of 
grease 1/32 inch thick increased this to 
118° F.—i.e., go° Е. more than when using a 
clean plate. These two experiments were 
carried out with water boiling at atmospheric 
pressure. Had the pressure been, say, 
200 lbs. per square inch (steam temperature 
388° F.), and assuming the thermal heads to 
remain as before, then the temperature at the 
fireside would have been 416^ F. with the 


Fics. 3 AND 4. 
Diagram showing Fall of Temperature from Flame 
to Water with Clean and Greasy Plate. 
(See Durston's Experiments, A and D, Table I.) 


Greasy Plate go? Е. hotter than Clean Plate. 


clean plate and 506° F. with the greasy plate. 
All these experiments show how rapidly the 
temperature of boiler plates increases as scale 
or oil is deposited on their surface. Eventu- 
ally, when the deposit is sufficiently thick, 
collapse ensues, with possible loss of life. 
Even if the plate temperatures are barely 
high enough to bring about such serious 
results, they are quite sufficient to set up 
enormous varying strains each time the fire- 
door is opened, ultimately causing grooving 
and other defects to appear. 

The “remedy” generally applied is to 
have the scale chipped off, entailing con- 
siderable expense, and putting the. boiler 
out of work for a time. “ Prevention” is 
preferable, and can be accomplished by 
“softening” and “purification” in proper 
treatment apparatus before the feed water 


Temperature 
of water. 


Difference. 


above 


338 `0 
537 '0 


C, E, and С were made in a closed vessel and 


enters the boiler. The boiler should not be 
used for any other purpose than raising steam. 
All patent compositions for treatment of the 
water inside the boiler should be carefully 
avoided. If used, they form soluble matter 
and precipitates inside the boiler, and they 
are too often added to the water with utter 
disregard to the proportions necessary for 
proper precipitation. These compositions 
generally contain some of the reagents used 
in water-softening apparatus, and often, in 
addition, substances injurious to boilers. I 
have heard of an analysis of one such pre- 
paration showing the presence of metallic 
mercury. 

Soffening.— Water is a powerful solvent, 
and whether taken for domestic or technical 
purposes from reservoirs, wells, rivers, lakes, 
etc., it has invariably, before being collected, 
come in contact with some part of the earth's 
surface, and in so doing dissolved or carried 
away certain substances, the amount of which 
may vary from practically nil to considerable 
quantities. — Rain-water, if collected in the 
country, may be nearly pure, whilst in some 
districts mineral waters are found, the salts in 
which are present to such an extent as to 
impart to them a distinct taste or smell. ‘The 
salts found in waters which chiefly concern 
engineers are given in Table II. "These have 
been divided into scale-forming and non- 
scale-forming. Calcium and magnesium, in 
combination with other elements, are freely 
distributed in nature. The carbonates and 
sulphates of calcium and magnesium are the 
chief cause of “ hardness " in water. 

The hardness of water is judged by its 
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TABLE I.—SHOWING TEMPERATURES OF PLATES WITH CLEAN AND GREASY 
SURFACES (DURSTON). 
Experi- | Thickness | Thickness | Temperature Temperature 
ment of plate of grease of fire fireside 
: ° i of plate. 
; F?. 
1,500 
2,200 
over forge | 
full blast 
1,500 
over forge 
full blast 
2,500 
| over forge 
spread full 
up sides blast 
REMARKS.— Experiments A, B, D, and F were made with open vessel and water 
boiling at atmospheric pressure. 
under pressures corresponding to temperatures given. 
* This temperature was reached three minutes after placing vessel on fire. 
199075 1500^f 
VLAME л 
TURE TEMPERATURE 
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TABLE II.—PRiNCIPAL ** SCALE-FORMING” AND *'* NON-SCALE-FORMING”’ 
SUBSTANCES. 


Scale-forming. | Non-scale-forming. 


Substance. | Symbol. 
Calcium carbonate | CaCO, 
Calcium sulphate CaSO, 
Magnesium carbonate MgCO, 
Magnesium hydrate . Mg(OH), 


Substance. Symbol 
Calcium nitrate . Ca(NO,), 
Magnesium sulphate MgSO, 
Magnesium nitrate . Mg(NOj), 
Magnesium chloride MgCl, 

‘Sodium chloride . NaCl 
Sodium sulphate NaSO, 
Sodium nitrate . NaNO, 


behaviour with soap in giving effect to the 
phenomenon called *lathering." Hard water, 
when used with soap, forms a lather with 
difficulty ; soft water, on the contrary, readily 
does so. With hard water a considerable 
amount of soap is used before the lather is 
formed, and it may be observed that a scum 
appears on the surface. This scum is formed 
by the action of the soap in neutralising the 
salts causing hardness, or, in other words, 
part of the soap is used or destroyed in 
softening the water. As previously stated, 
the salts which chiefly cause hardness are 
those of calcium and magnesium, and the 
reaction between soap and one of these may 
be represented by the typical equation :— 
2NaC,,H40, + CaSO, 
Soap or Calcium 
sodium stearate. sulphate. 


= Na,SO, + Ca(C,H3,0j), 
Sodium Calcium stearate 
sulphate. (Insol. Curdy ppt.) 


The acid radicle of the soap combines with 
the calcium to form calcium stearate, a curdy 
precipitate, which is the scum referred to. 
Sodium sulphate is also formed, but as this 
compound does not destroy soap, no hard- 
ness is caused by its presence. When hard 
water is used for washing purposes, as has 
been stated, considerably more soap is re- 
quired than when soft water is used, just 
under r3lb. of soap being required per 1° 
hardness per 1,000 gallons. ‘Thus, for in- 
stance, even when using Dublin Vartry water, 
which is soft, over 61b. of soap would be 
required to soften 1,000 gallons of it before a 
lather could be formed. Other waters are 
sometimes used in Dublin, and I have a 
sample of water from a well in the city which 
would destroy about 250 lb. of soap per 1,000 
gallons before being softened. 

Many years ago Dr. Clark took advantage 
of the fact that waters of different hardness 
require different quantities of soap to form 


a lather, and he applied this in his method of 
estimating the hardness of water. He made 
a standard soap solution of such strength that 
the number of cubic centimeters of it required 
to produce a lather, when shaken with a 
given volume of sample water, indicated the 
degree of hardness of that water. In this 
country a degree is considered as one grain 
of calcium carbonate, or its equivalent in 
other soap-destroying salts, in one gallon of 
water. In many other countries the hardness 
is expressed as parts of calcium carbonate in 
100,000 parts of water. 

Table III. gives the most common soap- 
destroying salts found in water, also their 
equivalent values relatively to calcium carbon- 
ate—e.g., a water containing 1'36 grains of 
calcium sulphate per gallon would be equiva- 
lent to 1'oo grain of calcium carbonate, or 
I" hardness. The hardness of water may 
generally be reduced by prolonged boiling. 
The hardness which is removed in this way 
is called "temporary" hardness, and that 
remaining * permanent” hardness, the “‘total” 
hardness being the sum of the two. 

Temporary Hardness —Temporary hard- 
ness is caused by the presence of carbonates 
of calcium and magnesium, held in solution 
in the water as bicarbonates by the presence 
of carbonic acid. Ву boiling water con- 
taining bicarbonate of calcium or magnesium 
the carbonic acid is driven off, and the in- 
soluble carbonate is precipitated thus :— 


Ca(HCO,), = CaCO, + H,O + CO, 
Calcium bicarbonate. Calcium carbonate. 
Soluble. Insoluble. 


Where only temporary hardness exists, the 
water may, therefore, be treated by heating, 
but the process is costly unless exhaust steam 
can be used, in which case oil is sometimes 
introduced into the boiler. About r4 cwt. of 
coal would be required to heat up r,ooo 
gallons of cold feed to 212^ F., and as pro 
longed boiling is afterwards necessary for 
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TABLE ITI.— PRINCIPAL CALCIUM AND MAGNESIUM 
SALTS FOUND IN WATERS. 


Salt. Symbol. | 1 Mu CUR 
Calcium carbonate* CaCO, IOO 
Calcium sulphatet . CaSO, 136 
Calcium chloride CaCl, 111 
Calcium nitrate Ca(NOg,), | 164 
Magnesium carbonate* MgCO, 84 
Magnesium sulphate MeSO, 120 
Magnesium chloride MgC 1, 95 
Magnesium nitrate . Mg(NOj, 145 


* Held in solution as bicarbonate by presence of CO,. 

f For solubilities see Fig. 5. АП these salts 
decompose soap. 

t The combining weights are in this case equal to 
the molecular weights. 


complete removal of temporary hardness, it 
is evident that boiling would not’ be economi- 
cal as compared with chemical treatment. 
With exhaust steam treatment the heating is 
generally insufficiently prolonged to properly 
precipitate the carbonates. In some systems, 
by a combination of heating and introduction 
of sodium carbonate, both the temporary and 
permanent hardness are treated. 

Table IV. shows approximately the limits 
of temperature between which certain salts 
are precipitated, by heating the water in 
which they are dissolved. The carbonates of 
calcium may also be decomposed by soap, as 
shown in a previous formula. 


TABLE IV.--APPROXIMATE 
WHICH SALIS DISSOLVED IN 
PRECIPITATED. 


TEMPERATURES AT 
W ATER WILL BE 


| 
| Precipitating 


Salt. | Symbol. tenp Е 
Calcium carbonate | CaCO, 180-260 
Calcium sulphate . „т CaSO, 100—430 
Magnesium chloride . . | MgCl, 212-270 
Sodium chloride . . . | NaCl 330-380 


The most successful and economic method 
of treating temporary hardness is by Dr. 
Clark’s process. Nearly all patent appliances 
of the present day treat the carbonates of 
calcium and magnesium in this way. The 
principle of the process lies in the fact that 
by adding “lime water” (calcium hydrate) to 
waters containing calcium or magnesium car- 
bonates held in solution by carbonic acid, the 
lime water combines with the carbonic acid 
to form calcium carbonate :—- 


Ca(HCO,), + Ca(OH), = 2CaCO, + 2H,O 


Bicarbonate Lime Calcium 
of calcium. water. carbonate. 
Soluble. Soluble, Insoluble, 
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The reaction for magnesium carbonate is 
somewhat different, and may be shown thus :— 


Mg(HCO,), + Ca(OH), 
Magnesium Lime 
bicarbonate. water. 

Soluble. Soluble. 


= MgCO, + CaCO, + 2H,0 


Magnesium car- Calcium 
bonate. Slightly carbonate. 
soluble. Insoluble. 


The magnesium carbonate produced 15 
only slightly soluble. If, however, twice the 
quantity of lime water shown in the above 
equation be added instead, then the second 
chemical equivalent of lime water acts thus 
upon the magnesium carbonate produced 
above :— 

MgCO, + Ca(OH), = CaCO, + Mg(OH), 


Slightly Soluble. Insoluble. Magnesium 
soluble. hydrate. 
Insoluble. 


Magnesium hydrate is produced, and forms 
as a gelatinous substance which 15 likely to 
choke the filters. It is thus not always 
advisable to add the excess of lime water 
necessary for converting the magnesium 
carbonate. ; 

Permanent hardness.—Vhe chief cause of 
permanent hardness is due to sulphates of 
calcium and magnesium. Calcium sulphate 
is soluble in water at ordinary temperatures. 
Fig. 5 shows that its solubility increases up to 
about 100°F.,and then, contrary to the general 
rule, decreases at higher temperatures, until 
at ordinary boiler pressure temperatures it 1s 
considerably reduced—e.g., of the calcium 
sulphate in solution at roo F., only about 
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FIG. 5. 
Solubility of Calcium Sulphate in Water at 
Different Temperatures. 


Curve AA, from experiments by Marignac. 
Curve BB, from experiments by Tilden and Shenstone. 


17 per cent. would remain in solution at a 
temperature corresponding £o a pressure of 
150 lbs. per square inch, the remaining 
83 per cent. having been precipitated to form 
incrustation in the boiler, The heaviest 
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deposits. obviously occur over the hottest 
part of the furnace. "When such a boiler is 
cooled down, the calcium sulphate scale will 
be partly dissolved, and will concentrate in 
crevices of the scale. On heating up, it will 
again be deposited in these, and cement the 
whole more firmly than before. This is 
further accentuated if' calcium carbonate 15 
present in the scale. 

Magnesium sulphate (better known as 
Epsom salts) is, as indicated in Table I., a 
non-scale-forming salt, very soluble, and 
causes permanent hardness. If this salt is 
concentrated in a boiler in contact with 
calcium carbonate scale, the following re- 
action may take place under certain conditions 
of temperature : 


CaCO, + MgSO, + H,O 
Calcium Magnesium 
carbonate. sulphate. 

= CaSO, + Mg(OH), + CO, 
Calcium Magnesium 
sulphate. hydrate. 

The magnesium hydrate formed unites 


with the calcium sulphate to form a vitteous 
scale, so that although magnesium sulphate 1s 
a non-scale-forming salt, it should not be 
allowed to concentrate in a boiler on this 
account. 

If water containing calcium sulphate be 
treated with sodium carbonate, the following 
reaction takes place :— 

CaSO, + Na,CO, = Na,SO, + CaCO, 
Soluble. Soluble. Soluble. Insoluble. 


The insoluble calcium carbonate is pre- 
cipitated and settles down. ‘The sodium 
carbonate formed remains in solution, and as 
it does not decompose soap, the water is 
softened. To prevent concentration of the 
sodium sulphate or other salts, it is essential 
that boilers be periodically “ blown off.” This 
need not be done more frequently than 15 
usual with properly worked boilers using 
untreated water. 

Magnesium sulphate may be precipitated 
by treating with lime water, the reaction which 
takes place being as follows :— 

MgSO, + Ca(OH), = Mg(OH), + CaSO, 
Soluble. Soluble. Insoluble Partly. 
ppt. soluble. 


Calcium sulphate is undesirable, and there- 
fore the magnesium sulphate should preferably 
be treated with sodium carbonate :— 


MgSO, + Na,CO, = MgCO, + NaSO, 
Soluble. Soluble. Slightly Soluble, 
soluble. 


Magnesium sulphate may also be precipi- 
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tated by the addition of sodium hydrate 


(caustic soda) with this reaction :— 


MgSO, + 2NaOH 
Magnesium Sodium 
sulphate. hydrate. 
Soluble. Soluble. 

= Mg(OH), + Na.SO, 
Magnesium Sodium 
hydrate. sulphate. 
Insoluble. Soluble. 


If, however, lime water and sodium car- 
bonate are added to each other, sodium 
hydrate is produced :— 

Na,CO, + 


Sodium car- 


Ca(OH), 


Calcium hydrate. 


bonate. Insoluble. Soluble. 

= CaCO, + 2NaOH 
Calcium car- Sodium hydrate. 

bonate. Insoluble. Soluble. 


As both sodium carbonate and lime water 
are used in treating other salts, their presence 
may be taken advantage of for the precipita- 
tion of the magnesium sulphate—thus :-— 

MgSO, + Na,CO, + Ca(OH), 
= CaCO, + Mg(OH), + Na,SO,. 

Chlorides and nitrates of calcium ате 
likewise acted upon by sodium carbonate 
alone, or by sodium carbonate plus calcium 
hydrate. 

It will be observed that the salts in water 
which are the chief cause of temporary and 
permanent hardness are removed by two 
reagents only—vz., lime water and sodium 
carbonate. ‘The lime may be added in the 
form of lime water, which is the clear liquid 
obtained by dissolving lime (СаО) in water, 
or by “slaking” quicklime with excess of 
water. Fig. 6 shows that lime is not very 
soluble in water, even at its maximum solu- 
bility. It can, however, be added to less 
water than is required to entirely dissolve it, 
and if the whole be kept stirred or agitated 
a milky fluid known as “milk of lime” is 
obtained, which may be used in softening 
water. Both lime and carbonate of soda are 
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Fic. 6. 
Solubility of Lime in Water at Different 
Temperatures.  (Lanny.) 
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TABLE V.—SHOWING CHIEF SALTS CAUSING TEMPORARY AND PERMANENT HARDNESS AND TREAT- 
MENT FOR REMOVAL. 
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Cause. Treatment. Reaction. 


— —— ——À————- | zen 


Ca (HCO;), = CaCO,-- H,O+CO,* 
Soluble. Insol. 
ppt. 
Ca(l1CO3).-+- Ca(OH), = 2CaCO,4+ 21H,O 
Soluble. Sol. Insol. 
ppt. 
McCO;+H,0+CO, 
Slightly 
sol, 
Mg (HCO .).-+ Ca(OH), = MgC O,4+CaCO,+2H.O 
soluble. — Soluble. Slightly — Insol. 
sol. 
Mg HCO, -2Ca(OH), =2Сасо, 4- Mr(OH), + 2H ,O 


Soluble. sol. 1150]. Insol. 


Boiling 


Calcium bicarbonate 


| 
| 
| Ca(11CO,), 


Adding lime 
water 


MgCO, = 
Soluble. 


Boiling 


Magnesium bicarbonate 


Mg(HCO,) 


Temporary 


Adding lime 
water 


Adding further 
lime water 


eMe MENU A арны ыы 


| 
| 
| 
| 
Calcium sulphate | 
| 
| 


m Adding sodium || Ca8O,--Na,CO, = Na,SO,4- CaCO, 
CasO,f carbonate i; Sol. — Sol. Sol. Insol. 
Magnesium sulphate ^ MgSO,+Na,CO,= МЕСО, + Na,560,1 
= | MysoO,§ |. Sol. Sol. Slightly Sol. 
3 | | sol. 
= Magnesium chloride Adding sodium — | MgCh--Na,CO, = MgCO,4- 2NaCI 
E MzgCI,$ carbonate | Sol. Sol. Slightly Бо]. 
om | | sol, 
Magnesium nitrate | \ Mg(NOj4)-FNa,CO,— MgCO,4+2NaNQ, 
| Mg(NOj),S | | Sol. Sul. Slightly Sol. 
sol. 


KEMARKS.—* CaCO, if precipitated slowly, as in economisers, forms a hard scale; if the precipitation is 
rapid, as in boilers, the deposit is in the form of mud. t CaS6, ‘unk no scale in economisers, but a hard scale 
in boilers (see Fig. 5). 1 Na,SO, does not decompose soap. g These three salts are liable to cause corrosion ; 
if it is desired to convert the slightly soluble MgCO, to the insoluble Mg(OH), lime water may be added with 


the sodium carbonate, the typical reaction then being :— 


М:50, + Na,CO;-FCa(O1I1), = Mg(OH) +CaCO,+ Na,SO, 
Sol. Sol. Sol. Insol. Insol. Sol. 


gallons. "With lime at 20s. per ton, the cost 
would be o*008564. per 1° per 1,000 gallons. 
In the same way o: 152 lb. sodium carbonate 
would be required for each 1° of permanent 
hardness, and this at Z4 per ton would 


inexpensive and easily obtained. The latter 
is used in the form of “soda ash." 

Table V. shows a summary of the chief 
causes of temporary and permanent hardness 


and means of removing these. It will be 


observed that the last three magnesium salts 
are acted on by sodium carbonate, producing 
the partly soluble magnesium carbonate. 
Caustic soda, if used as a reagent, produces 
the insoluble magnesium hydrate. ‘The latter 
reagent, as previously stated, is formed by 
the combination of lime water and sodium 
carbonate. 

The quantities of reagents required to 
treat water can be found from the molecular 
weights of the hardening salts (see "Table 
111.), and the reactions given in Table V. 
Thus 0°56 grains of lime are required to 
precipitate one grain of calcium carbonate, 
or, in other words, 0°56 grains of lime are 
required for each 1° of temporary hardness 
per gallon, or 0°08 lb. for each 1^ per 1,000 


amount to о '06494. per 1° per 1,000 gallons. 
Each degree of permanent, therefore, costs 
over 74 times as much to remove as each 
degree of temporary hardness, or r,ooo 
gallons with 58^ temporary hardness costs 
for lime 3¢., and 1,000 gallons with 7*7? 
permanent hardness costs for soda 14. 

Most water softeners consist of the 
following: (1) tanks or vessels for contain- 
ing the chemicals or reagents: (2) apparatus 
for distributing the chemicals in their proper 
proportions ; (3) tank or vessel in which the 
hard water is treated ; (4) filters for retaining 
the precipitates formed. The distributing 
apparatus should be automatic in regulating 
the supply of reagents according to any 
variation which may occur in the quantity of 
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hard water requiring treatment, and should 
also be capable of being readily adjusted if 
the hardness of the water should vary. ‘The 
filters should also be designed for rapid and 
efficient cleansing, with minimum delay in 
the working of the plant, should renewals of 
filtering medium (which generally consists of 
either wood, wool, sponge, cloth, or sand) be 
required. Some filters are made in sections, 
each of which can be by-passed when clean- 
ing, thus enabling the filters to be cleaned 
without interrupting the work. 

Below are the results of tests I have made 
on the hardness of three Dublin waters :— 


Hardness, Degrees Clark. 


| Vartry. | Canal. | Well. 
Temporary hardness . | 0°55 10°O 20'0 
Permanent hardness . 3'35 9'O | 130°0 
Total hardness. 3°90 | I$S'O | 150°O 


Purification.—The injurious effects of oil 
introduced into a boiler have already been 
pointed out. If the condensation water from 
the condenser of an engine be collected in a 
glass vessel and examined, it will be found 
to have a milky appearance, due to the 
presence of minute globules of emulsified oil 
in suspension. These globules, if allowed to 
enter the boiler with the feed water, to a 
large extent adhere to the plates. How a 
thin film of oil on a boiler plate should 
hinder heat transmission to such an extent 
as to become dangerous, is a subject which 
has been the cause of much discussion. To 
obviate risk, the condensed steam may be 
run to waste, and fresh feed water used. As- 
suming this is done in a station with an 
average output of 500 kw., the steam con- 
sumption being equal to about 1ooo gallons 
of water per hour at 64. per 1ooo gallons, 
equals 12. per day, or over £200 per annum. 
'This only represents about one-half the saving, 
as, before a comparison can be made, the 
cost of heating up the cold feed to the tem- 
perature of the condensed steam (say 100°F. 
to 130 F.) would have to be taken account 
of. Asthe cost of working a purifier is very 
small, a total saving is effected worth serious 
consideration. 

Oil in the exhaust steam on the way to the 
condenser cannot be completely arrested, 
neither can it be separated from the conden- 
sation water by mechanical filtration. The 
globules of emulsified oil are of such minute 
dimensions that they will pass through filter 
paper as easily as through the finest-woven 


condensation water ; 
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fabric. Fig. 7 shows diagrammatically a 
comparative ratio between the size of a mesh 
of fine fabric and that of a particle of emulsi- 
fied oil. 

The most successful method of satisfactorily 
eliminating oil in this condition is by chemical 
means. Chemicals are introduced into the 
this brings about a 
reaction which envelops the oil particles 
with a precipitate, causing them to adhere 
together in sufficiently large groups to render 


Approximate Ratio of Area of Mesh of Fine- Woven 
Fabric to average size of Globule of Emulsified 
Oil in Condensation Water. 


Area of mesh 300 times as great as arca of globule. 


filtration easy, the resulting filtrate being per- 
fectly clear. The reagent generally used 1s 
aluminium hydrate (Al,(OH),), readily pre- 
pared by the interaction of sodium carbonate 
on aluminium sulphate :— 


AL(SO,); + 3Na4CO; + 3H,0 
= AL(OH), + 3Na,SO, + 3CO,. 


The sodium carbonate and aluminium sul- 
phate are added to the condensation water, 
and form the aluminium hydrate precipitate 
which surrounds the oil particles. 

Another method of purification recently 
tried is by electrolysis, whereby the emulsified 
condensation water is used as an electrolyte. 
Electrodes are introduced into this, the cur- 
rent acting upon and precipitating the oil in 
such a form that it can afterwards be filtered. 

The essential parts of chemical purifiers 
are similar to those already mentioned for 
softeners. | 

It would scarcely be possible in this paper 
to describe the numerous water softeners and 
purifiers on the market, but anyone desirous 
of investigating the working of the former 
will find valuable information in a recent 
paper on the subject by Messrs. Stromeyer 
and Baron (Proceedings, Institution of 
Mechanical Engineers, 1903, p. 773). 
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ARMOURED CONCRETE. 
Part III. 
By Lieut. HENRY J. JONES, A.O.D., A.R.C.Sc. (Lond.), Inspector of Ordnance Machinery. 


HREE distinct methods are 
adopted for the erection of 
work in armoured concrete. 
Some contractors build the 
whole of the work in suitable 
pieces, in sheds adjacent to 
the site, or at a central 

workshop from which they are sent to the 
place required when ready for erection. In 
this way large quantities of columns, piles, 
beams, floor slabs, etc., are kept in stock, 
and are available for immediate dispatch. 
Others erect an elaborate timber falsework 
in situ, on which the green concrete is tipped 
and rammed into close contact with the 
armouring, which is laid according to the 
design as the work proceeds. ‘This plan 
makes first-class carpentry a necessity, and 
also requires a costly system of shoring to 
keep the falsework up to its intended position 
when the concrete 1s laid and rammed. A 
third method 15 to erect the armouring first, 
and then to build the concrete round it, suit- 
able moulds being used, partly supported by 
the existing armouring. ‘The system adopted 
will depend to a great extent on the nature 
and architectural elaboration of the finished 
work. For warehouses and factories, where 
many similar columns, piles, floor slabs, 
beams, etc., are required, the first system has 
an obvious advantage from an economical 
point of view ; whereas for bridge work, the 
second, or a combination of the second and 
third systems, is the only one possible. In 
the construction of tunnels, pipes and sewers, 
the system adopted will depend upon the 
magnitude of the work, and the conditions 
under which it will have to be carried out : 
as a rule the third system would be adopted. 


FLOORS, SLABS AND Roors. 


The system of construction for floors, slabs, 
and roofs is determined by the extent of the 
work and the nature of the loads to be 
carried. If intended for small buildings and 
offices, the items can be made before erection ; 
but in the case of warehouses, factories, piers, 
and jetties, where live loads and vibratory 
stresses have to be borne, a monolithic 
structure should be secured by building in 
moulds directly on the site. For the lighter 
classes of monolithic structure, expanded 


metal is admirably suitable; it is also much 
used for the roofs of reservoirs, and for thin 
partition walls. ‘The meshing is simply laid 
over the ribs or floor beams, which have been 
already erected, and the green concrete is 
applied to the required thickness, being sup- 
ported from below by suitable supporting 
work, which is removed as soon as the con- 
crete has set. In cold storage factories, the 
floor beams and ceilings are invariably erected 
first, the floor being laid afterwards. The 
ceiling is then solid with the floor beams on 
their under side, and the floor is solid with 
them on their upper side, the air space be- 
tween being a great aid to the maintenance 
of a low temperature for refrigeration. 

When laying floors, care should be taken 
to prevent the upper layers of green concrete 
setting too quickly, particularly if the climatic 
conditions are such as to favour a rapid 
drying of the surface of the concrete. If 
precautions are not taken, unsightly cracks 
will result, which will afterwards have to be 
filled with cement. А good plan is to damp 
the surface of the concrete every three or 
four hours, for three days after concreting, 
and to cover the surface with canvas covers 
or tarpaulins. Floors are finished when 
necessary by setting bevelled sleepers in the 
soft concrete, and then nailing the floor 
boards to the sleepers. The sleepers are 
spaced at about two feet centres. Factories 
and warehouses usually have their floors 
finished by a layer of cement mortar, using 
one of cement to two of sand. This finish 
should be applied while the concrete is fresh 
and soft; but when this is not possible, the 
concrete should be scraped, guttered, and 
washed with water before the mortar is spread. 
Granite chippings small enough to pass a 
3-inch gauge are often added to the mortar to 
form the finish for the corridors of public 
buildings. For reservoir floors and walls, the 
concrete is guttered by horizontal grooves 
about J-inch deep and i-inch wide, the gutters 
being spaced at about 6-inch centres; the 
concrete has then two layers of asphalt applied 
to it, each layer being about 3-inch thick, the 
grooves preventing the asphalt creeping or 
slipping over the concrete. 

Roofs are made practically in the same 
manner as floors, but are usually much lighter. 
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Floors should never be reduced below 4 inches 
in thickness, to avoid cracking ; on the other 
hand, roofs are often only 2 inches in thick- 
ness if the armouring is of the expanded 
metal type, or expansion arising from changes 
of temperature is provided for by placing the 
armouring in both directions—in length and 
breadth. Roofs can advantageously be 
covered with a ir-inch layer of asphalt to 
ensyre water-tightness. 

In the Monier floors the armouring consists 
of round rods varying from £i inch to 
5 inch diameter. "The rods are spaced at 
about six times their diameter, and are 
crossed at right angles, being connected 
by iron wire bound round them. This 
artificial method of securing the rods takes 
considerable time, and is thus a somewhat 
costly process. To produce continuity of 
metal, the different lengths of rods are over- 
lapped for about 8 to 16 inches, and bound 
with wire. The weight 70 of a floor in lbs. 


TABLE I.—PARTICULARS OF SLABS CONSTRUCTED 
ON MONIER SYSTEM. 


Diameter of 
transverse 


| Diameter of 


Span in Depth in longitudinal 


feet. inches. rods rods 
in inches, 


in inches, 


Thickness 
of floor 
in inches, 
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per foot super, when built on this or the 
Hennebique system, may be taken to be 
given by the relation 


w = 127 + 15, 


where ¢ is the thickness of the floor in inches. 

Table I. gives particulars of slabs con- 
structed on the Monier system, designed to 
carry 14 cwts. per foot super above the dead 
load of the floor itself. ‘The armouring is 
spaced at about 3-inch centres. 

When floors are continuous over the 
supporting walls or columns, tensile stresses 
are set up on the upper side, and armouring 
has to be suitably placed to take these tensile 
stresses. The safe load for floors on the 
Hennebique system is proportional to the 
square of the thickness of the floor, the per- 
centage of armouring being invariably over 
2 or 3 per cent. Table II. gives the live 
loads in lbs. per foot super. which Hennebique 
floors can carry for different spans. 

The thickness of the floor may, however, 
be advantageously increased, and the per- 
centage of armouring decreased, from the 
values given in the above table. 

The Schlüter are similar to the Monier 
floors, but the rods are crossed diagonally, 
and the longitudinal rods are of the same 
size as the transverse ones. The Cottancin 
floors have their rods interlaced like the canes 
of a chair seat or a basket, and the Hyatt 
floors have square rods with holes through 
which small transverse rods pass. Over fifty 
systems of armouring are in use, and in most 
cases the only points of difference are the 
shape of the section and the method of 
attachment and adjustment. ‘The floors may 
be calculated from the formula— 


72012 = М; 
t being the thickness of the floor in inches, 
б the span in feet, and M the maximum 


bending moment in lb.-feet. ‘The floors 
calculated by the above formula have 24 per 


<< 


End Elevation. 
Ес. 1.— DESIGN FOR PIER, IN ARMOURED CONCRETE. 


Side Elevation. 


cent. of armouring, and are supposed to be 
merelv resting on supports at the two sides 
of the span. If the floor is supported on four 
sides, the thickness will be o'7 ¢ calculated 
from the above formula; and if the floor is 
continuous over the four supports, the thick- 
ness will be o'6 7. 
BEAMs. 


It is obvious that, as the span increases, a 
limit will soon be reached beyond which it is 
not economical to use plain floor slabs, for 
their dead weight becomes of such magnitude 
as to prohibit their use. We have thus to 
resort to a division of the main span by cross 


Fic. 2. —DisPOSITION OF ARMOURING AT АА, 
Fic. І. 


beams resting on columns, and the floor is 
laid on these beams, which are arranged to 
take as much of the load as to render it 
possible to reduce the thickness of the floor 
within reasonable limits. Armoured concrete 
beams are typical of the type of construction 
in which the merits of two component 
materials are made to serve a common end ; 
but in the particular case of steel and 
concrete, the actual part played by the steel 
is not at all well understood. With columns 
and foundations in armoured concrete the 


>] work is either so stiff or massive that the 


tensile stresses induced by lateral or 
eccentric loading in the one case, or by 
uneven settlement in the other, are of 
very small magnitude compared with the 
compressive stresses induced by the dead 
load ; thus the tensile stresses are amply 
met by the armouring, or it may be, are 
greatly met by the concrete itself. Оп 
the other hand, with beams, floors, arches, 
and pipes under internal pressure, the 
tensile stresses may be of such a magni- 
tude as to work both the steel and the con- 
crete to their safe limits, and thus it is to these 
examples of construction we must turn to get 
a just illustration of the practice and theory 
of armoured concrete. The need for any 
sort of reinforcement exists, owing to the 
liability of the concrete to fail under tensile 
stress. When, however, the tensile stresses 
are almost negligible, it is obvious that the 
use of the armouring wil be somewhat 
obscure. We select the beam as being the 
most familiar example for illustration. 
Speaking generally, beams do not differ 
in constructional details from floors. “lhe 
same armouring is used in both, the only 
difference being, that as beams are usually 
deeper than floors, the shearing stresses 
become more pronounced, and greater pro- 
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Fic, 3.—DisrPosITION OF ARMOURING AT BB, 
FiG. 1. 


vision has to be made for them by a liberal 
use of stirrups or vertical binding rods. In 
some systems the armouring consists entirely 
of straight rods, disposed in any part of the 
beam where tensile stresses are likely to be 
called into play. In others, specially bent 
rods are joined or welded to straight rods, 
and when welding has to be done it would 
appear that wrought iron is more suitable 
than steel. Fig. 1 shows the side and end 
elevation of a pier in armoured concrete ; 
the disposition of the armouring in the beams, 
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FIG. 4.—DISPOSITION OF ARMOURING AT CC, 
FIG. 1. 


piles and cross-beams, is shown in Figs. 2, 3, 
4 and 5. Fig. 2 illustrates how beams are 
connected and secured to the piles, and the 
use of straight and bent rods in the armouring. 
Figs. 3 and 4 show how the stirrups are 
employed where the shearing stresses are 
most intense. ‘The beams and piles gave, on 
the average, about 3 per cent. of armouring, 
the diameter of the rods varying from 1 inch 
down to 3-inch diameter, the stirrups being 
made to suit the depth of the beams. Four 
rods were used in each beam and pile, but in 
some very heavy work as many as twenty-four 
rods have been used. 

It is usual to arrange the dimensions of the 
beams so that the whole of the compressive 
stresses are taken by that portion of the 
concrete on one side of the neutral axis ; but 
in some cases, as with continuous beams or 
heavy beams of small depth, a proportion of 
the armouring is distributed along the com- 
pressed portion of the beam, the steel rods 
either taking up the excess of compressive 
stress over that at which the concrete can be 
safely worked, or else taking up the tensile 
stresses at the places where they occur over 
the supports. As a general rule we may take 
it that the economical depth for an armoured 
concrete beam, freely supported at both ends, 
is one-twentieth the span, and is thus 
approximately the same as that of a steel 
girder of equal strength. Armoured concrete 
beams are now made for spans up to тоо feet 
for buildings, and 150 feet for bridges. But 
for each class of work beyond this limit, the 
weight becomes excessive. Several arched 
ribs for much greater spans have, however, 
been successfully built. 

The beams are made in much the same 
way as piles and columns: they can be made 
in sheds on the site, or in the actual position 
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Fic, 5.—DisPosiTION OF ARMOURING AT DD, 
FIG, 1. 


they are to occupy when finished. The green 
concrete is tipped into moulds made of a 
2-inch bottom plate, carrying by clamps or 
screws, and two 2-inch side plates. When 
being made in their final position, the moulds 
are shored from below every five feet, and 
the shoring is not removed until at least three 
or four weeks after the concrete has been laid. 
As before stated, the ceiling and beams are 
erected first, the floor being afterwards worked 
on the top of the beams. We thus obtain a 
very perfect monolithic structure in which 
any vibration set up by machinery, falling 
loads, etc., will be of much less extent than 
with an ordinary type of building, in which 
there is often a great want of rigidity, the 
beams and arches being loosely connected 
and able to vibrate independently of other 
parts of the structure. 

Experiments have shown that whereas 
ordinary concrete columns will crack when a 
load is carried which causes an extension per 
unit length of ту 455, columns armoured with 
a suitable percentage of steel are able to give 
ten times this extension without showing any 
signs of fracture. The explanation of this 
important fact is to be found in this, that 
unarmoured concrete is heterogeneous in 
structure, and any extension which takes 
place will be almost wholly confined to weak 
sections which are certain to exist, however 
much care be taken in the mixing and ram- 
ming of the materials. Thus, since the 
strength of concrete in tension is determined 
by the tensile strength of the matrix, which 
is low, we must expect fracture to occur at a 
comparatively low stress. The effect of the 
armouring would appear to consist in render- 
ing possible a more even distribution of the 
stress over the weak sections, in giving a 
more uniform extension to the column, and 
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in taking up the whole of the tension at 
points where the matrix has been worked be- 
yond its yield point. This fact is particularly 
interesting in the case of beams. Simple 
concrete beams invariably fail on the tensile 
side, by diagonal cracks arising from the 
combined action of the tensile and shearing 
stresses ; and this failure occurs long before 
the compressed portions of the beam have 
been worked to their safe limit, the maximum 
deflection being very small. With concrete 
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beams having a suitable percentage of properly 
disposed armouring, quite new elastic pro- 
perties are realised, and the beam can be 
loaded to give ten times its former deflection 
without visible sign of fracture by cracking 
on the tensile side. The permanent set with 
armoured beams is also much less than that 
with plain beams. The reason of this in- 
creased range of elastic properties will be- 
come clear when considering the theory of 
armoured concrete beams. 


(7o be continued.) 


THE DETERMINATION OF MANGANESE 


IN 


SIEEL AND PIG IRON. 


By FRED IBBOTSON, B.Sc. 


HE determination. of man- 
ganese in steel can be made 
in a number of ways. Of 
the gravimetric methods, the 
precipitation as hydrated 
peroxide, after removal of 
the iron, is very accurate 

when carefully conducted; the volumetric 
methods consist in the conversion to per- 
manganic acid, without removal of the iron, 
and titration with a suitable reducing agent. 
Gravimetric Method,-—-Four grams of the 
drillings are placed in a conical flask of 
30 oz. capacity, and covered with до cc. of 
concentrated hydrochloric acid. When, on 
heatirg, the steel has nearly all dissolved, a 
few cc. of strong nitric acid are added to 
oxidise the ferrous chloride, and the solution 
is diluted with lukewarm water to about 
500 cc. The excess of free acid is then 
neutralised by adding dilute ammonium 
hydrate whilst the flask is being shaken 
vigorously. ‘This neutralisation is complete 
when the liquid begins to darken in colour, 
although to litmus it yields an acid reaction ; 
the darkening in colour is due to the pro- 
duction of basic chloride of iron formed by 
the ferric hydrate at first precipitated dis- 
solving in the ferric chloride. It is then 
advisable to continue the so-called neutralisa- 
tion by substituting ammonium carbonate 
solution for the hydrate. Each addition of 
the carbonated alkali produces a brown 
precipitate which, on vigorous agitation, dis- 
solves with effervescence and the formation 


of a darker-coloured solution. ‘The darkening 
in colour continues after each addition, until 
the solution in bulk appears to be almost 
black. At this stage the basic ferric chloride 
contains about seven-eighths of the iron in 
the form of hydrate, but there is still no 
precipitate. On adding more ammonium 
carbonate, a copious brown precipitate forms 
which will no longer dissolve on shaking. 
Hydrochloric acid is then cautiously added 
until the precipitate just dissolves with the 
production of the black solution again. — It is 
desirable that as little acid as possible be 
used for this purpose, and in consequence 
the flask is shaken vigorously after the 
addition of each few drops before adding 
more. 

The liquid is now diluted nearly to a litre 
with hot water and placed over a Bunsen. 
The basic ferric chloride begins to decompose 
with precipitation of ferric hydrate before 
boiling point is reached, and when this 
happens, or at any time subsequentlv, about 
то cc. of ammonium acetate solution, made 
by neutralising strong ammonium hydrate 
(0:880) with B.P. acetic acid, are added. 
The contents of the flask are maintained at 
boiling point for three minutes to effect 
complete precipitation of the iron, and then 
transferred to a litre flask. Hot water is 
then added until the total volume is about 
5 cc. more than the litre. This allowance is 
made for the volume of the precipitate, 
although the results are not sensibly iun- 
fluenced by ignoring it altogether. — After 
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taking the temperature of the mixture, 
500 cc. are filtered off through a large dry 
folded filter paper; or, better still, the whole 
mixture 1s poured from the litre flask into the 
conical flask in which the precipitation was 
made, and the latter, after covering with a 
watch glass, is allowed to stand in a warm 
place for about five minutes ; after this it will 
be found possible to pour 500 cc. of the clear 
supernatant liquid through a dry filter paper 
without seriously disturbing the precipitate. 
The clear and colourless filtrate in the half- 
litre flask is then heated to the temperature 
previously noted, superfluous liquid being 
removed by means of the thermometer. 
This bulk of liquid represents, therefore, two 
grams of the steel; the remaining liquid and 
precipitate are thrown away. 

As thus conducted, the separation of 
manganese from ferric iron occupies less 
than half-an-hour, and is complete. There 
may be a trace only of iron in the filtrate, 
but the precipitate is absolutely free from 
manganese, and the operation of redissolving 
and reprecipitating, as often recommended, 
is altogether unnecessary. 

The filtrate 1s cooled rapidly, about ro cc. 
of bromine added so that, on shaking, the 
solution is saturated and a small quantity 
left undissolved, and strong ammonium 
hydrate is added to alkalinity. The man- 
ganese 15 thus precipitated as hydrated 
peroxide ; this, on digestion with occasional 
shaking, rapidly “flocks out," and it may 
then be filtered through an ashless paper. 
After washing and drying, the paper and 
precipitate are ignited together at a bright 
red heat in a platinum crucible; the final 
residue 15 Mn4O,. 


Mn,O, X 0°72 = manganese. 


The trace of ferric oxide in the ignited 
residue, which ought not to exceed one 
milligram, is determined by dissolving in 
hydrochloric acid, evaporating to low bulk, 
and adding ammonium thiocyanate. The 
red colour thus obtained is matched by 
means of a standard solution of ferric 
chloride treated similarly and diluted to the 
same volume. 

Volumetric Method.—1*1 grams of the 
drillings are dissolved in a boiling tube in 
3o cc. of nitric acid (sg. 1°20). After 
expulsion of the nitrous fumes by boiling, 
sodium bismuthate is added in small quanti- 
ties at a time, to oxidise the carbonaceous 
matter, with boiling between each addition. 
The oxidation is complete when, as gener- 
ally happens with most steels, а brown 
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precipitate of manganic oxide persists after 
boiling. ‘This precipitate is cleared by the 
addition of a few drops of sulphurous acid or 
of ferrous sulphate solution, and the liquid is 
then cooled under the water tap. То the 
nearly colourless solution thus obtained 
about 2 grams of sodium bismuthate are 
added, and the mixture is shaken for a 
minute or two. The tube is allowed to 
stand whilst a filter of ignited asbestos is 
being prepared, and the permanganate is 
then filtered. off and washed with water 
containing a few drops of nitric acid. When 
the washings are colourless, the filtrate is 


. N Р . 
treated with - - solution of ferrous ammonium 
20 


sulphate, delivered from a burette, until the 
colour is more than completely discharged. 
The excess of ferrous iron thus added 15 
determined by the careful addition from a 


N 
burette of an exact -- potassium perman- 
20 


ganate solution until a faint pink tint is 
reproduced. ‘The number of cc. of ferrous 
solution added, less the excess, registers the 
mangancse. 


N | 
I cc. of — solution o'o5 p.c. manganese. 
20 


The ferrous ammonium sulphate solution, 
made by dissolving 19:6 grams of the 
crystals in а litre of water freely acidulated 
with sulphuric acid, must be frequently 
standardised against the permanganate. ‘The 
latter is made by dissolving 1°58 grams of 
the pure crystals in a litre of pure water; 
the solution thus obtained is stored in dark 
blue bottles and kept in the dark, when its 
strength remains practically constant. 

The residue on the asbestos filter dis- 
solves freely in hydrochloric acid with 
generation of chlorine. After thorough 
washing with water, the asbestos can be 
used for a further determination. 

Sodium bismuthate is an article of com- 
merce, but it can be readily prepared by 
heating 20 parts of sodium hydrate nearly to 
redness in an iron crucible, and adding 
Io parts of dried basic bismuth nitrate, a 
little at a time. "Two parts of sodium 
peroxide are then added, and the fused mass 
is poured on to an iron plate. When cold, 
the brown mass is powdered, washed by 
decantation several times with hot water, 
collected, and dried. 

In the case of grey irons, the graphite 
should be filtered otf after dissolving in 
I'20 nitric acid. 
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By HARRY NISBET, Head of the Weaving and Designing Department, 
Municipal Technical School, Bolton. 


NOTHER modification of a solid pim-cop winding 
machine is illustrated by Figs. 48, 49, and 50.* 
Іп its general construction and the method of 
driving spindles, it bears a close resemblance to 
that of Grayson’s described in the previous article. 
The chief points of difference between the two 

а ЧС" 5: | machines аге in the means to effect the automatic 

BR | stoppage of spindles, both when the supply of yarn to them fails, 
and also when cops attain to their full length. With a view to 
facilitating reference and comparison of the two machines, 
analogous parts in both are, as far as practicable, indicated by 

w corresponding letters or figures. 

Spindles I are disposed vertically at regular intervals apart, 
and are driven, as in Grayson's machine, by means of bevel wheel 
gearing. Each spindle is furnished with a jaw clutch E, 
that engages (on setting a spindle in motion) with a 
lug D cast upon a small bevel wheel C. This remains 

constantly in gear with a skew-geared driving 

У wheel B, fixed upon driving shaft А, 

which extends along the full length of 

the machine, and contains the loose 
and fast driving pulleys, 16 and r7. 

The construction of bevel wheels C, 

and the means of supporting them, 

as well as the position which they 
occupy in relation to their respec- 
tive driving wheels B, are com- 
mendable features of this machine 
worthy of special notice. It will 
be observed that bevel wheels 

C are each formed with a long 

boss or sleeve R, contained 
within a hole bored in cross- 

rail 18, which serves both 
as a support and bearing 
for the wheel. It will also 

be seen that wheel C 
gears with its driving wheel 

В below, and not above, 

the axis of driving shaft 

A. These circumstances 


* For permission to use 
Figs. 48-50, and Figs. 52 
and 53, the writer here 
acknowledges his obliga- 
tion to the makers, Messrs. 
Wm. Smith and Brothers, 
Limited, Heywood, who 


have kindly supplied bim 
Fic. 48.—SECTIONAL ELEVATION OF SMITH’S UrrIGHT SOLID with the original drawi 
К g wings 


PIRN-Cor WINDING MACHINE, of those diagrams, 
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Fic. 49.—FRONT ELEVATION OF SMITH’S UPRIGHT SOLID PIRN-Cop WINDING MACHINE. 


combine to give firmer support to wheel 
С, which, when once properly adjusted, 15 
prevented by gravitation from gearing too 
deeply with the teeth of wheel B. Hence, a 
steadier, smoother, and quieter action of the 
wheels is secured,.and the tendency of teeth 
to become locked, and the consequent exces- 
sive wear and tear and breakage of teeth 
and wheels is reduced to a minimum. An 
advantage is also gained by placing spindles 
forward of the driving shaft, whereby they 


are brought nearer the front, and are, 
therefore, more accessible for operatives 
when piecing threads, removing fully-wound 
cops, and starting new ones. The lower 
extremity of a spindle is secured to a treadle 
lever O, through the medium of a ball-socket 
footstep P. The footstep is hinged upon a 
pin Q that passes through both the footstep 
and the treadle lever. The rear extremity of 
the latter freely enters a slot X, in rail то, 
which serves as a free fulcrum for the lever, 


3 2 


588 


and permits of a slight lateral movement by 
it as its spindle ascends or descends in a 
strictly vertical plane, as indicated by an 
arrow. 

A spindle is set in motion by engaging its 
clutch with the lug of its small bevel wheel 
(as represented in the diagrams), and will 
continue to revolve so long as they are kept in 
gear; but immediately the supply of a thread 
to its spindle fails, and also when a cop attains 
to its full length, the clutch is automatically 


Fic. 50.—END ELEVATION or SMITH’S UPRIGHT PIRN-CoP 
WINDING MACHINE. 
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raised beyond the control of the lug, thereby 
causing a spindle to stop. A clutch is put 
into and out of action in the following 
manner. The neck of a clutch is spanned 
by a fork F secured to a rod S that depends 
from the lighter and shorter end T of an 
unevenly-balanced lever G fulcrumed on a 
pin at H. The short end of lever G is 
extended upward, and pointed at the end to 
form a latch 2. Thus, by raising the forward 
end of lever G, its clutch is depressed until 
it engages with the lug of bevel wheel C, 
thereby setting a spindle in motion. At the 
same time, latch 2 is caught and retained by 
a catch or hook Y, fulcrumed pin 1, and 
extended upward with a curved arm terminat- 
ing at Z. A clutch and lug will remain in 
gear until retaining hook Y is raised to 
release latch 2, and thereby cause lever G to 
disconnect them. Hook Y may be actuated 
from either of two independent sources, 
namely, by the descent of tension lever 4; 
and the ascent of treadle lever О; according 
to whether a thread fails in its supply toa 
spindle, and permits the tension lever to fall, 
or on a cop attaining to its full length, 
respectively. А tension lever 4 is 
secured to the vertical arm 7 of an 
L-lever (of which 5 is the horizontal 
arm), fulcrumed on a pin 6, and is 
supported, during winding, by means 
of a thread passing underneath a 
porcelain runner 3, contained on its 
forward extremity. If from any 
cause the tension lever falls (as 
indicated by ап arrow), it causes 
arm 7 to bear against the upper 
arm Z of the hook Y, thereby 
raising the latter to liberate 
latch 2, and allowing the 
forward end of lever G to 
fall by gravitation (as indi 
cated by an arrow), thereby 
raising the clutch out of 
gear with its bevel wheel, 
and causing its spindle 
to stop. 
The liberation of a 
clutch from its bevel 
wheel, when a cop is 
completed, is effected 
as follows :— Depend 
ing from the rear 
extremity ro of hook 

Y is a long slender 
rod 8 furnished 
with an adjustable 
hoop 9. The lower 
portion of rod 8 
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Fic. §1.—DETAILS OF AUTOMATIC STOP-MOTION, HALU's SOLID 
PiRN-CoP WINDING MACHINE. 


passes through a hole formed in a side pro- 
jection of treadle lever O. Hence, as a 
spindle rises, it raises its treadle lever, which 
eventually comes in contact with hoop 9, and 
lifts rod 8 until catch Y liberates lever G, 
whose short end rises and disconnects the 
clutch from the lug of its bevel wheel, thereby 
causing a spindle to stop. 

A tension device is furnished to each 
spindle for the purpose of imparting tension 
to a thread, and also to maintain it at a 
uniform degree of tension during winding. 
This is accomplished by connecting arm 5, 
of L-lever 5, 7, by means of a link-chain U, а 
spring-rod and a wire-rod W, to the end of 
arm тт of a weighted lever fulcrumed on a 
stud r3, that is fixed upon a bracket 14, 
supported upon rail rs. The free end of 
lever тт, which is weighted at r2, always 
tends to fall by gravitation, and thereby 
causes runner 3 to bear downward and keep 
its thread taut. The spring-rod passes 
through a hole in the cup-rail, and is encircled 
by an open spiral spring V, situated between 


the cup-rail and a stop-pin inserted in the 
spring-rod. The function of spring V is to 
provide a flexible connection that will yield 
in the event of a thread becoming slightly 
obstructed, from entanglement or otherwise, 
as it is withdrawn from its source. Thus, by 
gradually resisting the increasing tension of 
an obstructed thread, it tends to release it 
and thereby reduce breakages of yarn. The 
spring also serves to neutralise any irregularity 
in the withdrawal of a thread, by allowing 
the tension lever to oscillate and adapt itself 
to such variation, and thereby maintain it at 
an approximately uniform tension during 
winding. 

The traverse of yarn is effected by means 
of an eccentric 20, fixed upon the driving 
shaft A. The eccentric communicates motion 
through the medium of rod 21 and connecting 
pin 22, to an arm 23 fastened to a shaft N, 
which extends along the full length of the 
machine, and carries brackets M, in which 
are fixed guiders L. The latter are caused 
to oscillate rapidly, and thereby impart a 
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Ес. 52.—Емр ELEVATION OF SMITH’S HORIZONTAL SOLID PiRN-CoP WINDING MACHINE, 


quick traverse to the threads, so as to place 
them ороп their respective spindles in 
successive layers of coarsely-pitched coils. 
Fig. 51 is a part sectional diagram indicat- 
ing the method of driving spindles, and also 
the means by which they are automatically put 
out of action, both when cops attain to their full 
size, and also when the supply of yarn to them 
fails in Hall’s solid pirn-cop winding machine. 
As in the two previous machines of this type, 
spindles are rotated positively through the 
medium of small bevel wheels C, driven by, 
and always in gear with, large bevel wheels 
В, fixed upon driving shaft A. Each wheel 
C is formed with an upward tubular extension 
or sleeve H, whilst the base D forms a driving 
clutch, of which E is the driven counterpart 
that 1s set-screwed to the lower end of another 
and inner tube or slecve F, surmounted by 
a driving collar or hoop G, which is fast 
upon the sleeve. A hole passes axially 


through both hoop G and sleeve F for the 
reception of a spindle 1. The hole through 
sleeve F is circular, but that through the 
hoop is exactly counter to the cross-section 
of a spindle, which is oblong, as represented 
in the diagram. Hence, a spindle may only 
be set in motion by causing hoop G to 
revolve. This is accomplished by raising 
the tension lever 4, which turns about pin 6 
as a fulcrum; the result is that clutch E is 
raised, and engages with the driving clutch D. 
The tension lever is formed witha shoulderthat 
bears against the under side of hoopG. Thus, 
by raising the tension lever to the position 
indicated by dotted lines, it raises hoop G, 
with its sleeve, until clutch E engages with 
driving clutch D, thereby setting a spindle in 
motion. When, however, the tension lever 
falls to the position indicated by full lines, 
hoop G and its sleeve are allowed to fall 
until clutch E is lowered sufficiently to place 
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it beyond the control of its driving clutch, 
thereby causing a spindle to stop. A square 
rod 8, containing an adjustable hoop 9 with 
a projecting tongue ro (shown enlarged in 
plan detached), depends from the head-piece 
of a winding spindle т, so thatithe tongue то 
projects underneath a short arm forming the 
rear end of tension lever 4. Therefore, as a 
spindle gradually ascends during winding, it 
raises rod 8 with its hoop until the tongue of 
the latter lifts the rear end of the tension 
lever, thus causing the clutches to separate, 
and thereby cause the spindle to stop. — This 
may be arranged to take place sooner or 
later, according to the position of hoop 9 on 
rod 8. By fixing the hoop higher or lower 


on the rod, it will act upon the tension lever . 


sooner or later, and cause shorter or longer 


cops respectively to be produced. The rear 


arm of a tension lever is furnished with 
adjustable balance weights W, which may be 
adjusted so as to increase or diminish the 
pressure of the tension lever upon a thread, 
according to its counts and strength. Also, 
passing freely through holes in the rear of 
rail 18, are spring-pins U, supported by open 
spiral springs V, placed between the rail and 
pin heads. One of these pins is situated 
immediately under the short arm of each 
tension lever, to provide the latter with a 
buffer or cushion against which it abuts as it 
oscillates under the fluctuating tension of a 
thread, and thereby neutralise the effects of 
jerks and sudden straining caused by entangle- 
ment or other impediment to its regular 
withdrawal and delivery during winding. 
Such a device practically endows a tension 
lever with a certain degree of flexibility, 
whereby it is capable of yielding and adapting 
itself to the variable tension of a thread, and 
thereby reduce the risk of breakages of yarn 
to a minimum. 

A solid pirn-cop winding machine of a 
distinctly different type of construction from 
any of those previously described under this 
head is represented in end and part front 
elevations by Figs. 52 and 53 respectively. 


In this machine, spindles r, 1!, are arranged. 


horizontally, with consecutive spindles placed 
in opposite directions alternately, so as to 
form a row on each side, and thus constitute 
а duplex machine. They are rotated indepen- 
dently through the medium of long sleeves 
D, driven by means of narrow leather straps 
C, from flanged pulleys B fixed upon driving 
shaft A. Spindles are square in cross-section 
throughout their entire length, and are tapered 
at their forward end, on which cops are built, 
to facilitate their removal when completed. 
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Each spindle passes freely through a sleeve 
D, borne by supports F, F!, and formed with 
a square axial hole that is counter to the 
cross-section of a spindle. Hence, a sleeve 
D becomes the driving factor of a spindle, 
and permits of its gradual recession as it is 
forced backward by the resistance of a pirn- 
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FIG. 53.—PART FRONT ELEVATION OF SMITH'S 
HORIZONTAL SOLID PiRN-CoP 
WINDING MACHINE. 


cup due to the constantly increasing length 
of a cop during winding. About midway 
between its supports a sleeve is formed with 
an enlarged circumference E to provide a 
driving surface for the reception of its driving 
strap. "The latter is governed by a strap fork 
R, secured to rod P, extending from, and 
controlled by, a starting handle M. On 


542 


pushing a handle backward, its strap is passed 
from the smaller circumference to the larger 
or driving circumference E of the sleeve, which 
along with its spindle, is thereby set in 
motion. When a starting handle is pushed 
backward, it becomes locked by means of 
support F taking into a notch O formed in 
the handle, and thus retains the driving 
strap on its driving surface ; but if from any 
cause the handle is raised, it springs forward 
and moves the strap on to the smaller circum- 
ference (as indicated in the diagram), in 
which event it becomes slack and, therefore, 
incapable of gripping the sleeve, thereby 
causing a spindle to stop. This may be 
effected either by hand, and also automatically 


on а cop attaining to its pre-determined size; . 


but not in the event of yarn either breaking 
or otherwise failing in its supply to a spindle. 
The automatic stoppage of a spindle is 
effected by causing an adjustable hoop or 
colar K, which is secured to the spindle, to 
eventually bear against an inclined edge of a 
projecting piece N on starting handle M, 
and thus raise notch O clear of its retaining 
catch, thereby causing a driving strap to 
become inoperative. 

The machine under present notice also 
exhibits a departure from the usual practice 
of attaching pirn-cups J to the machine. 
These are not fixed by bolts, as is customary, 
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but are hinged upon pins G, so that they may 
be temporarily swung aside from their spindles 
(as indicated in the diagrams) to permit of 
the removal of fully-wound cops. Оп re- 
turning a cup to its normal position, however, 
it becomes locked by the ascending end of a 
short unevenly-balanced lever 4, fulcrumed 
on a pin 3, bearing against a pendant arm H 
which 1s attached to the cup, as seen in 
Fig. 53. The yarn traverse motion, which 
presents no unusual feature, may be easily 
followed on the diagrams. 

The use of leather straps for the purpose 
of driving spindles, and also the general 
simplicity of its construction, enables this 
machine to be worked with comparatively 
little noise and few breakages; which is in 
marked contrast to the deafening clatter of 
those machines in which spindles are driven 
positively by means of bevel wheel gearing 
and clutches. ‘The disadvantage, however, 
of frictional driving by means of leather 
straps arises from their tendency to become 
slack, and thereby lose some of their driving 
power, with a consequently reduced speed of 
spindles and a loss of production. Also, 
the value of the machine from a practical 
standpoint would be greatly enhanced by the 
application of some means to cause spindles 
to stop automatically when the supply of 
yarn to them fails. 


INDUSTRIAL 


IN connection with our reference to the use 
of carborundum for furnace linings, which 
appeared in the May issue of 


No» fusible “TECHNICS (p. 399), the following 
Linings particulars for applying carborun- 


dum experimentally will doubtless 
be of interest. For use in furnaces, crucibles, 
cracked gas retorts, gas-producer chambers, 
forced draught grates, destructor furnaces and 
such-like fire-brick structures, it is only 
necessary to chip away glazed or fritted 
portions of the walls or linings, and then 
apply the following mixture :— 


Water-glass (sodium silicate) 
of 42° Bé I part by weight. 
Carborundum powder . 3 parts by weight. 


Mix carefully and intimately to ensure homo- 
geneity. In the case of basic slags or linings 
it is best to add one part by weight of fire- 
clay to every six parts of carborundum. 

For all ordinary working temperatures a 
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coating i m.m. thickness (;;inch) is ample, 
and only requires І to 11b. of carborundum 
per square foot. 


SOME interesting experiments have recently 
been completed, showing that Cyllin, the 
new disinfectant introduced by 
Jeyes' Sanitary Compounds Com- 
pany, Limited, is thirty times as 
strong as carbolic acid as a 
germicide, and more than eighty times as 
strong as formalin. Most successful results 
have been obtained with time cultures in 
Agar of the 2. pestis, in which the dilutions 
are very significant, that for 40% formalin 
being 1 in 30; pure phenol 1 in 8o ; and 
суйп г in 2,400. With a dilution of r in 
400, that virile organism of pus (Staphydo- 
coccus f. aureus) has been proved by a com- 
petent bacteriologist to be destroyed in five 
minutes. In many works it will therefore be 
of great value. 
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SINGLE-PHASE 


ALTERNATING CURRENT RAILWAY 


WORK. 


By LIONEL CALISCH, Assoc 


T is well known that electric 
rallways and tramways are 
operated, by direct current, 
at a voltage of about боо. 
For heavy service, extended 
systems, and long-distance 
main line work, the cost of 

copper, sub-stations, etc., becomes enormous 
under these conditions. For the generation 
and transmission of electrical energy, alter- 
nating currents are principally used ; trans- 
formers and rotary converters are required 
for changing the alternating into direct 
current. 

Of course, a higher voltage than боо direct 
could be employed, and the line losses and 
cost of copper reduced. Experiments on 
high-voltage direct current. railway work 
have been carried out by Thury in Geneva ; 
but practice has proved that about боо volts 
is the best pressure for direct current work- 
ing, and this is now taken as a universal 
standard. 

Obviously, there would be a great ad- 
vantage in a railway equipment which could 
be operated from an alternating current, 
high voltage supply without the use of 
rotary converters. For the last nine or 
ten years engineers have tried to solve this 
problem by means of the three-phase motor ; 
at present a few three-phase railway systems 
are in use on the Continent, but, on the 
whole, three-phase motors are unsuitable for 
railway work (except in special cases such as 
mountain railways- -for instance, the Jungfrau 
railway) for the following reasons :— 

A three-phase motor is a constant-speed 
motor; that 1s, the speed remains practically 
constant with change of load. In а success- 
ful railway motor, on the other hand, the 
speed must vary with the load. 

Another disadvantage in the three-phase 
system is, that it necessitates the use of two 
trolleys, and that the speed control is difficult 
and cumbersome. 

As several articles have been written on 
this subject during the last few years, I need 
not dwell any longer on three-phase motors.* 

Enormous progress has been made during 

* See Eborall, Institute of Electrical Engineers, 
vol. 33, page 316. 
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the last two years with single-phase commu- 
tating motors; some lines in America are 
now being equipped with these, while one is 
already in commercial operation. 
Single-phase motors may be classified as 

follows :— 

I. Synchronous motors. 

2. Induction motors. 

3. Commutating motors. 


Commutating motors may be divided into 
(a) series motors, (4) repulsion motors. 

The first two types are entirely unsuitable 
for railway work, as the starting torque, 
efficiency, апа power-factor are poor, while 
speed regulation is very difficult. 

Reference, however, should be made to 
the Oerlikon Company's experiments; this 
company uses single-phase induction motors 
working at 15,000 volts from a trolley. ‘The 
motor drives a direct current generator, 
which in turn supplies current to direct 
current motors. It is, however, unlikely 
that this system will be extensively used, as it 
is too costly and cumbersome. 

It is to the last class of motors that we 
must look for the solution of the alternating 
current traction problem. 


CoMMUTATING SINGLE-PHASE MOTORS. 


Series Mofors.—-Since a direct. current 
series motor runs the same way, whichever 
way its terminals are connected up, it is 
obvious that such a motor will run with an 
alternating current. Direct current series 
motors were used many years ago for alter- 
nating currents by simply laminating the pole 
pieces. 

Owing to the high frequency of the 
currents supplied at that time (from 60 to 
133 ~ per sec.), bad results were obtained 
on account of heavy sparking at the brushes, 
so that it was found impossible to construct 
motors above 5 h.p. 

Several of these small alternating current 
series motors were at that time in use on the 
Continent for driving small pumps, ete., and 
behaved very much like ordinary D.C.” 
series motors. After many years the series 
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* D.C, stands for direct current, and A.C. for 


alternating current. 
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motor has now once more come to the 
front; it has been greatly developed by 
Lamme and Steinmetz in America, and Finsi 
in Italy, and is now used for traction 
purposes. 

A paper read by Steinmetz, before the 
American Institute of Electrical Engineers, * 
contains the results obtained by him and 
Mr. Eickenmeyer with alternating current 
series motors; from this it appears that an 
alternating current series motor suitable for 
railway purposes was being developed as 
early as the year 1891.  Fairly good results 
seem to have been obtained, and it is sur- 
prising that the work was not continued. 

The chief troubles connected with tbe earlier 
A.C. series motors were due to sparking, but by 
the use of lower frequencies now in use (25 ©» 
per sec.) and the application of our present 
knowledge in regard to commutation and 
electrical design, machines have been built 
which do not spark excessively. Heavy 
currents are induced in the armature coils 
when they are short-circuited by the brushes, 
and these currents must be broken when the 
coils pass from under the brushes, and ex- 
cessive sparking and demagnetisation of the 
field are produced. To reduce these currents 
somewhat, Lamme and Finsi use high resist- 
ance connections between the armature coils 
and commutator segments, which consider- 
ably improve commutation. 

The power factor (a feature which does 
not need to be considered in direct current 
machines) is another important consideration. 
In the simple series motor (Fig. 1), the 
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FIG. І. 
SIMPLE SERIES MOTOR. 


FIG. 2. 

SERIES MOTOR, WITH SERIES 
COMPENSATING COIL. 

A, armature. 


power factor is very low, because the arma- 
ture and field windings in series with it offer 
a great impedance to the alternating current 
passing through them. ‘The greater the 
current, the worse 15 the power factor; so 
that at starting the power factor is very low, 
but increases with the speed. 

The efficiency of the A.C. series motor is 


* See Electrician, April Sth, 1904. 
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not quite so high as in the D.C. series motor, 
on account of the iron and copper losses, 
which are considerable. 

To overcome the difficulty of bad commu- 
tation and low power factor, Eickemeyer, as 
early as 1891, introduced the compensating 
coil, which lately has come to the front again. 
The object of the compensating coil 15 to 
counterbalance the self-induction of the arma- 
ture. Compensation may be effected in two 
ways :—(1) the compensating coil may be in 
series with the armature and main current 
(Fig. 2); or, (2) the compensating coil may 
be short-circuited (Fig. 3), and acts as the 
short-circuited secondary of a transformer of 
which the armature is the primary. The 
current in the compensating coil is in oppo- 
sition to that in the armature, and counter- 
balances the self-induction of the latter. 
The effect of this 1s to improve commutation 
and increase the power factor. Italso slightly 
decreases the efficiency. Such a compensated 
motor has the true series characteristic, and 
can be operated equally well either on direct 
or alternating current supply. 

The enormous advantage of the series 
motor is, that it can be operated either with 
A.C. or D.C. supply ; thusit is possible to use 
the same motor on a line fed with D.C. and on 
another line fed with А.С. 

In operating series motors on D.C. and А.С. 
supply, it is found that the best proportion for 
the field-windings for D.C. and A.C. running 
are different. The General Electric Company 
of Schenectady winds the field in two sections, 
which can either be thrown in parallel or in 
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SERIES MOTOR, WITH SHORT- 
CIRCUITED COMPENSATING COIL. 


F, field. С, compensating coil. 


series (Fig. 4). For alternating current the 
sections are in parallel, because this gives a 
smaller self-induction ; for D.C. running they 
are thrown in series. A properly designed 
compensated series motor, when running 
D.C., has almost perfect commutation; in fact, 
this is much better than in any ordinary railway 
motor, since the compensating coil balances 
the field distortion of the armature, and thus 
acts like the Ryan balancing coil. 


e 
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Fic. 4.—SERIES MOTOR WITH FIELD ARRANGED (a) FOR 


A.C., AND (6) кок D.C. 


Several articles have been written on the 
most suitable field construction. Osnos (see 
Zeitschr. Electrotechn., Wien, 21, pp. 711- 
717, December 27, 1903, and пеле Ab- 
stracts, vol. 7, No. 569, p. 219) has gone 
very fully into this question; he prefers the 
distributed winding, just as in an induction 
motor field, while Heubach, in his treatise 
Der Wechselstrom-Serien motor, arrives at the 
conclusion that the field winding should be 
as in continuous current motors, the poles 
being of course laminated. ‘This question, 
however, does not seem settled. The Westing- 
house Company uses laminated poles and 
field windings, as in an ordinary D.C. series 
motor, while the General Electric Company 
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Fic. 5. — To ILLUSTRATE ELIHU THoMsoN's Ex- 
PERIMENT ON ELECTRO-MAGNETIC REPULSION, 
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uses a winding distributed in slots, ex- 
actly like the stator of an induction 
motor. 

Repulsion Motors. — Between the 
years 1884 and 1889 Professor Elihu 
Thomson carried out a series of im- 
portant experiments on electromagnetic 
repulsions and rotations produced by 
alternating currents. Опе of the best 
known, and at the same time the most 
fundamental of his experiments, is that of 
throwing a closed metallic ring in the air by 
means of an electromagnet excited by an 
alternating current. A powerful electro- 
magnet (Fig. 5) has a core consisting of a 
bundle of iron wires. As soon as the electro- 
magnet is excited by means of a powerful 
alternating current, the copper ring shown in 
Fig. 5 is thrown up in the air, on account of 
the strong repulsive force exerted on it by the 
magnet. Under favourable conditions the 
ring may be thrown from twenty to thirty 
feet high. 

These experiments led to the construction 
of Elihu Thomson’s repulsion motor, which 
was shown at the Paris Exhibition in 1889. 
This motor (Fig. 6) consisted of a field having 
laminated pole pieces, and a direct current 
armature with its brushes short-circuited. On 


Fic. 6.—ELtiHu THOMSON's REPULSION MOTOR. 


applying an alternating current to such a 
motor the armature revolves and yields 
mechanical power. 

We can easily see that, at certain positions 
of the armature, an electro-magnetic repulsion 
wil take place between the field and the 
short-circuited armature coil, and will thus 
set the armature in rotation. We may con- 
sider each armature coil, when short-circuited 
by the brushes, as the copper ring, which is 
thrown from the electro-magnet in Elihu 
Thomson's fundamental experiment. 

It is worth while to go a little into detail, 
and to see how this repulsion is produced. 
Let us consider the simple copper ring ex- 
periment previously described. ‘The magnetic 
field is an alternating one, and will vary 
periodically in strength ; let us suppose it to 
follow the sine law. The ring, which forms 
a closed circuit, will have an E.M.F. induced 
in it, and this E.M.F. at any moment will 
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Fic. 7.—' To EXPLAIN THE PRODUCTION OF ELECTRO-MAGNETIC REPULSION. 


be proportional to the rate of change of the 
magnetic flux (Fig. 7). This induced E.M.F. 
will give rise to an electric current which, 
however, will lag behind the induced E.M.F., 
since the ring possesses self-induction. 

Now we know that the induced E.M.F. 
lags до” behind the magnetic flux, and that 
the electric current in the ring lags behind 
the curve representing the induced E. M.F. in 
the circuit, We may, therefore, represent the 
magnetic flux, induced E.M.F., and induced 
current by the curves shown in Fig. 7. Now 
the force which acts on the ring at any 
moment is proportional to the product 
of the current flowing round the ring and 
magnetic field in which the ring is placed. 
If we multiply the numerical values of the 
ordinates (shown in Fig. 7) of the induced 
current and magnetic field curves, and set up 
new ordinates to represent these products, 
we obtain a new curve, representing the re- 
pulsive force to which the ring is subjected. 

We see from the curve that the ring is 
alternately repelled and attracted; but the 
repulsions are much greater than the attrac- 
tions, and therefore the ring is, on the whole, 
repelled. It can easily be seen that the 
repulsion curve depends almost entirely on 
the lag of the induced current, and therefore 
on the self-induction of the ring. 

I have given this explanation of the ring 
experiment, because I consider it to illustrate 
the fundamental theory of the repulsion motor, 
and from this it can easily be seen how the 
repulsion motor acts and how the torque is 
produced.” 


* For further information on electro-magnetic re- 
pulsions and attractions the reader may be referred to : 
Phil. Trans. Royal Soc., Vol. CLXNXXIIIa., p. 279, 
** Repulsion and Rotation produced by А.С. Current," 
by Mr. G. T. Walker ; Prof. J. A. Fleming, Proc. 
Royal Institution X1Il., 296, March 6th, 189r, and 
Journal of the Society of Arts, May 14th, 1890, and 
his text-book ** A.C. Transformer in Theory and Prac- 
tice," pages 307-329 ; also Elihu Thomson, Асс 
World IN., 258, May 28th, 1857 ; XIV., 231, October 
5th, 1889. 


To return to the répulsion motor. 

Elihu Thomson had no success with his 
motor on account of poor commutation ; this 
was due to the high frequencies at that time 
in use. However, during the last few years 
it has come to the front again on account of 
the lower frequencies in use (25 «~~ per sec.), 
and some excellent results have been obtained. 
The repulsion motor has an excellent starting 
torque, and behaves very much like an ordi- 
nary D.C. series machine. The modern 
repulsion motor consists of a laminated iron 
stator, having the windings distributed in 
slots (some prefer definite polar projections), 
just like an induction motor field. 

The armature is almost the same as that of 
а direct current machine with its brushes 
short-circuited. 

The repulsion motor has a very low 
power-factor at starting ; its efficiency is not 
very high, and commutation is not very good. 
It is a * transformer" motor; there is no 
connection between field and armature, 
and it can therefore be wound for high 
voltages. Repulsion motors have been made 
up to 3,000 volts, as the armature can be 
designed in such a way as to commutate any 
current. 

The simple repulsion motor can be modi- 
fied in several ways. Repulsion motors may 
be classified as follows :— 

1. Simple repulsion motor. 

2. Compensated repulsion motor: (а) 
Compensated by having the coil in series with 
the field ; (4) Compensated by having the 
coil short-circuited on itself ; (cr) Compensated 
by having the coil in series with the armature. 

3. Inverted repulsion motor. 

4. Inverted compensated repulsion motor : 
(a) Compensated by having the coil in 
series with the field; (46) Compensatef by 
having the coil in series with the armature ; 
(с) Compensated by having the coil short- 
circuited on itself. 

5. Series-repulsion motors. 


(Winter-Eich- 
berg.) 
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(1) Semple Repulsion Motor. 
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ш Inverted Repulsion Motor. 


(5) Serres Re unm Motor. 


Fic. 8.—-ТҮРЕЅ or REPULSION MOTOR. 


These motors, except the two first and the 
last, are of no practical importance ; most of 
them are, however, very interesting from a 
theoretical standpoint, and perhaps some day 
they may come into practical use. 

The inverted repulsion motor has its field 
short-circuited and the current is supplied to 
the armature. Fig. 8 will make the different 
types clear, 

The last one (the series repulsion motor), 
has been devised by Winter-Eichberg, and 
is manufactured by the Union Electricitáts 
Gesellschaft. This firm seems to have 
obtained some excellent results with it. The 
great claim of this motor is that its power 
factor is nearly unity under all conditions of 
working, and that it 1s also able to work at 
high pressures. For a full account of this 
motor the reader may be referred to an 
article by F. Eichberg (Electrotechn. Zeitschr. 
25, pp. 75-82). 

Some excellent results have been obtained 
with the simple repulsion motor. W. I. 
Slichter, in a paper read before the Institute 
of -Electrical Engineers in America (see 
Electrical World and Engineer, 43, pp. 
266-267) gives the results which he obtained 
with two repulsion motors made by the 
General Electric Company. He carried out 
some experiments with two 60-h.p. repulsion 
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(2) Compensated Repulsion Motor. 
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(4) Compensated Inverted Repulston Motor. 


motors, mounted on a 25-ton car. He came 

to the conclusion that the repulsion motor 1s 

very well adapted for rapid acceleration work, 

and for freight haulage at moderate speeds, 

and is more economical than a D.C. series 
machine.* 

Comparison of the Series Motor wth the 
Repulsion Motor.—'The repulsion motor being 
a transformer motor, can be wound for high 
voltages ; it has been built for 3000 to 4000 
volts. 

The series motor, on the other hand, is 
a low voltage motor (about 2оо volts); 
it can run on either A.C. or D.C. supply, 
which is a decided advantage. 

The repulsion motor can be run at a 
high voltage without the use of a transformer. 
On the other hand, it has a very low power 
factor at starting, causing a large wattless 
current, while the series motor has a Беке 
power factor at starting. 

‘The starting torque of the repulsion motor 
is a little better than that of the series motor, 
but the running performance of the latter ts 
much better than that of the former. The 
efficiency of the series motor is a little higher 
than tbat of the repulsion motor. 

At present it seems that, on the whole, the 
series motor is the better. It is significant 
that both Finsi in ltaly, and the Westing- 
house and General Electric Companies in 


* For information on repulsion motors, see C. P 
Steinmetz, ста! World and Engineer, 43, pp. 
208-271, 266-267; M. Latour, Electrotech nische Lat- 
schrift, 24, pp. 1027-1028; M. Osmos, £lectrotcch- 
nische Zeitschrift, 25, pp. 1-6, 25-25 ; M. Latour, 
Lkctrotichnische Leitschrift, 24, рр. 4537454. 
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America, are developing the compensated 
series motor and use this for traction 
purposes. 

The General Electric Company, who are 
the holders of Elihu Thomson’s repulsion 
motor patents, abandoned this type of motor, 
after years of experimenting, in favour of the 
series motor. 

Having considered the various single-phase 
motors which can be used for traction 
purposes, we come now to their application 
to railway work. 

‚ Control. — The speed can be controlled by 

varying the voltage at the motor terminals ; 
this can be done by means of a transformer 
having several taps, or by means of an 
induction regulator. Further, we may use 
plain rheostat, or series parallel control, or 
we may have taps on the field. With voltage 
control, however, ideal conditions are ob- 
tained, as the waste of power at starting is 
done away with; the least power is there- 
fore used at starting and at slow speeds. Here 
an enormous advantage over D.C. working 
is obtained. Another great advantage is 
that, with voltage control, we can make up for 
speed. 

It is impossible, at present, to make up 
for lost time when a train is late. With A.C. 
working we can raise the voltage a little and, 
therefore, increase the speed. 

A great number of estimates have been 
made comparing the cost of single-phase 
with that of D.C. working, using rotary con- 
verter sub-stations. In nearly all these cases 
the cost is less with single-phase working. 
Look at the enormous advantage of doing 
away with rotary converters and having high 
voltage trolleys. АП we need are static 
transformers, which do not (like converters) 
require skilled attendance. 

In urban and suburban work, where many 
stops are made, the saving of power with 
voltage control will be considerable. Both 
the Westinghouse and General Electric 
Companies are equipping roads with А.С. 
motors, and both companies have all sizes of 
А.С. series motors up to 200 h.p. on the 
market. А very successful car has been put 
in commercial operation between Schenectady 
and Ballston by the General Electric Com- 
pany; this is equipped with compensated 
series motors, and runs both with A.C. and 
D.C. supply. 

As I had something to do with this equip- 
ment, I will give a full description of it; 
this experiment proved to the whole world 
the success of the single-phase motor for 
traction work. From Ballston to Schenectady 
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FIG. 9. 
TO ILLUSTRATE COMBINED D.C. AND А.С, EQUIP- 
MENT ON THE BALLSTON-SCHENECTADY LINE. 
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Trolley 


Fic. 10. — To ILLUSTRATE METHOD OF SUPPORTING 
TROLLEY WIRE. 


(State of New York) is 15°5 miles, of which 
3'9 miles run through the city of Schenectady, 
which is equipped with 500 volts D.C. trolley. 

The Ballston extension had for several 
months been operated with D.C. equipments, 
and their operation being continued, necessi- 
tated for the A.C. equipment an additional 
set of trolley wires which would not interfere 
with the D.C. trolleys. 

The D.C. trolley hangs in the middle of 
the track, while the A.C. trolley is on the 
side of the track, as shown in Fig. 9. The 
A.C. trolley is suspended from a catenary, 
consisting of a i-inch steel cable hung over | 
porcelain insulators fastened to wooden cross- 
arms (Fig. ro). The trolley is clipped to the 
catenary midway between the poles, giving 
an excellent mechanical construction. and 
high insulation. The trolley consists of 
grooved copper wire, and is fed with 2,200 
volts A.C. at twenty-five cycles (the standard 
frequency in America for transmission and 
power). 

The car is equipped with four compensated 
series motors, each rated at 5o H.P., a trans- 
former, air compressor, etc., and weighs 30°4 
tons without passengers. ‘The motors are of 
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the compensated series type ; each consists 
of an annular laminated iron field with a 
distributed winding similar to that of an in- 
duction motor, together with an armature 
similar to that of a D.C. motor. These 
motors are wound for 200 volts A.C. and 
can be used by changing the field connections 
(the fields are in two sections) with 250 volts 
D.C. Two of these motors are permanently 
connected in series, and are fed either at 400 
volts A.C. or 500 volts D.C. 

On account of the fact that the car runs 


for one part of its journey with A.C. and for: 


the other part with D.C., it was necessary to 
have two trolley poles, one in the middle for 
D.C. and one at the side for A.C. working. 
The A.C. trolley base rests on insulators. 
The high potential trolley wire is taken 
through brass pipes (which are carefully 
earthed) to one side of the primary ofian 80- 
k.w. air-cooled transformer ;. the other side 
of the primary 15 earthed, as the track is used 
for the return circuit. 

Rheostat control is used ; part of the re- 
sistance 1s, however, cut out when working 
A.C., as the self-induction of the rheostats 
would be too large. The series parallel con- 
troller used is the well-known General Electric 
K-28. A commutating switch is used in 
connection with the controller; this changes 
the field connections, the air-compressor con- 
nections, cuts out the transformer, changes 
the resistance, etc., when changing from A.C. 
to D.C. running. 

The commutating switch is interlocked 
with two main oil switches, one being in the 
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high-tension A.C., and the other in the 5oo- 
volt D.C. circuit ; this interlocking is so 
arranged that only one switch can be closed 
atatime, and the commutating switch can only 
be thrown over when the oil switches are in 
the off position. This interlocking arrange- 
ment is necessary on account of the fact that 
there are two trolley poles, and it prevents 
trouble in case both trolley poles should 
accidentally be up. 

The brakes for the car are operated by 
air, which is supplied by means of an air- 
compressor driven by a compensated series 
motor. The car is geared for about forty-five 
miles an hour; and on interchanging the 
field connections it runs at about the same 
speed whether with A.C. or with D.C. The 
lights in the car are supplied from a small 
7-k.w. oil-cooled transformer. 

As I have already stated, two motors are 
permanently in series ; we may therefore 
consider the control as that of two motors 
(Fig. 11). 

Naturally the control is effected on the low 
potential side, so that the motorman does not 
handle any high voltage. The power factor 
of the motor is fairly good, about o* 9 at full 
load. 

The efficiency, including gear and friction, 
is, at full load, about 76 per cent. when 
running A.C., and 8o per cent. when running 
D.C. When running A.C., the commutation 
of the motors is good, but they spark a little 
at starting; when running D.C., the commu- 
tation is perfect. 

The following are some tests which were 


Full parallel, D.C. 


Full parallel, А.С. 


Fic. rr.—To ILLUSTRATE METHOD OF MoToR CONTROL. 


A, armature. 


F, feld. C.S., commutating switch. 
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conducted in order to compare the acceleration 
of the motors when running A.C. and when 
running D.C. All speed-time runs on the 
Ballston line were made over a distance of 
I'6 miles on the level at an average speed 
of 32 miles per hour, or at a schedule speed 
of 29* 5 miles per hour, including 15-second 
stops. 


DIRECT AND ALTERNATING CURRENT RuNs.* 


Direct. | dealing? 

Length of run in miles . 1*6 1'6 
Weight of car in tons . 31°55 31°55 
Time, seconds 180 ISO 
Average current in amperes. 229 346 
Average voltage. . à 606 425 
Watts, full speed on level . 98 IIO 
Watt-hours per ton mile . | 86°3 I25* 5 
Average speed (M.P.H.) . 32 32 
T га ` me incr] 

Schedule speed, including | 29:5 | 29'5 


15 sec. stop. . e f 


From these figures we see that when 
running D.C. the motors are more economical 
than when running А.С. 

The acceleration of the motors when 
running A.C. is very slow during the first 
5 sec, but after this time they accelerate 
very rapidly. 

Everything on the car is carefully earthed, 


* Electrical World, Vol. 44, p. 332. 
Electrician, Vol. 53, p. 826. 


See also 
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so as to make accidents due to shocks almost 
impossible. 

The low potential side, as well as the high 
potential side, are protected by fuses. The 
high potential fuses are placed on the roof of 
the car. 

The car has been in daily service since 
August r6th, and has given perfect satisfaction. 
The changing over from D.C. to А.С. 
running, and тте versá, takes only a few 
seconds. 

‘The successful operation of this car has 
demonstrated the fitness of the series motor 
to meet the severe requirements for urban 
and inter-urban service on either А.С. or D.C. 
supply. "The cars equipped with A.C. series 
motors are able to run over existing city 
tracks without in any way interfering. with 
the running of the existing D.C. cars. 

‘The series motor, having demonstrated its 
fitness for traction work on urban and inter- 
urban mixed service, opens up possibilities 
in converting main line steam roads to 
electric traction, which would be impossible 
with the direct current motor and rotary 
converter combinations, on account of the 
high first cost and cost of operation. 

The commercial development of the A.C. 
motor is coming at the right moment, as 
steam railroad managements throughout the 
world are displaying great activity in elec- 
trically equipping portions of their systems, 
now operating at a loss with steam loco- 
motives. 


SUBMARINE SIGNALLING. 


IN foggy weather acoustic signals have long 
been used to warn ships of the proximity of 
rocks or sandbanks ; but the fact that the atmo- 
sphere is not usually homogencous has led to 
considerable difficulties and, occasionally, to 
loss of life. In a paper read before the Institu- 
tion of Naval Architects, on April 14th, Mr. 
J. В. Millet describes the development of a 
system by which acoustic signals can be trans- 
mitted to a ship through the sea itself. Since 
the sea is homogeneous, sounds can be trans- 
mitted through it without any of the difficulties 
which attend their transmission through air. It 
has been found that a bell with a “lip” several 
inches thick, which emits a high musical note 
when struck, forms the best transmitter. ‘This 
bell is submerged at a depth of about 60 feet 
below the surface of the sea, and is operated by 
electricity or compressed ат. A closed tank 
filled with a dense liquid is bolted to the inner 
side of the plates of the ship below the water- 
line, and a microphone is immersed in this 
liquid. On applying one's ears to telephones 
included in the microphone circuit, the ringing 


of the transmitting bell can be easily heard even 
at a distance of several miles in stormy weather. 
If two tanks are fitted to a ship, one on each of 
the bows, the direction from which the signals 
are received can be determined with consider- 
able accuracy. In proof of the practicability of 
this system, Mr. Millet states that by its aid the 
captain of the games S. Whitney was able to 
determine his position relatively to a dangerous 
point on the Nantucket shoals, in a heavy gale 
and snowstorm at night. He had neither heard 
nor seen anything for five hours ; his soundings 
indicated a lee shore, and, under favourable 
conditions, the lightship syren might have been 
heard, but the gale carried the blast in the 
opposite direction. The ringing of a submarine 
bell mounted over the shoal was distinctly 
hcard directly the observer placed his ears to 
the receiving telephones, and the course of the 
ship was at once correctly laid ; the distance of 
the ship from the shoal was about five miles. 
It has been proved that gales, tides, and high 
winds have no effect on the distance to which 
the submarine signals can be transmitted. 


BOOSTERS. 
PART V. 
By HAROLD H. BROUGHTON. 


STORAGE BATTERIES. 


HE great demand during the 
past ten years for heavy 
station-type cells, capable of 
giving high rates of discharge 
for short ‘periods with a 
minimum amount of atten- 
tion, has been met with 

promptitude by the manufacturers, and at the 
present time one finds it difficult to make a 
choice from the many excellent cells on the 
market. Seeing that the makers undertake 
to keep the battery in good condition at a 
low annual cost, the question resolves itself 
into one of minimum initial capital outlay. 

А common mistake made by English 
engineers is to put down a battery of quite 
inadequate dimensions; this is rather sur- 
prising, seeing that the cost of a battery, 
amply large enough, is very small compared 
with the total cost of the station. 

The reader will readily understand that it 
is beyond the scope of the present articles to 
describe in detail the various types of cells, 
and their housing. It will be sufficient if we 
give a few general notes on the management of 
batteries, and briefly consider the construction 
and arrangement of one or two types. 

The battery attendant should follow the 
instructions given below, which apply equally 
to all types of cells, and are independent of 
the nature of the load carried by the battery. 

First Charee.—-During, and especially to- 
wards the end of the charge, the battery room 
should be well ventilated. Each charge 
should be continued until both positive and 
negative plates “ gas” freely, and the attendant 
ought to satisfy himself personally, towards 
the end of each charge, that every individual 
cell begins to gas evenly and at the same 
time as all the others; should some of the 
cells gas slowly or insufficiently, they must 
immediately be inspected with a view to 
detect any short circuits between the plates. 
The cells may be inspected by means of a 
low voltage lamp suitably mounted in a flat 
tube of insulating material through which the 
flexible leads are carried. Mr. Turnbull, in 
his paper previously referred to, recommends 
that the battery room should be rather dark, 
with good artificial lighting, in order to render 


the inspection of the cells easy. If short 
circuits are discovered, and it is impracticable 
to remove these at once, the faulty cells 
should be cut out of circuit by special leads 
kept for the purpose. | 

Discharging and Charging, — When the 
pressure of the battery falls below 1*8 volts 
per cell, while the cells are discharging at a 
normal rate, the battery should be considered 
discharged, and no more current taken out. 
If the cells are used with lower currents, or 
are standing idle, the voltage will not be à 
safe criterion with reference to the state of 
the battery, and readings of the density of the 
acid should be taken, as this is approximately 
proportional to the state of the charge. 
The difference in specific gravity between 
full charge and discharge is approximately 
о'012, and any intermediate reading will 
show how far the cells are discharged ; and 
when the battery is used as a booster it is 
advisable to take the specific gravity of the 
acids, together with voltmeter readings, at 
frequent intervals in order to ascertain 
whether the cells have meanwhile been 
charged or discharged, and to get a good 
idea of the state of each cell. 

The type of cell shown in Fig. 37, made 


FIG. 37.—C ENTRAL STATION CELL, O.K. TYPE. 
(Electrical Power Storage Company.) 
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by the Electrical Power Storage Company, 
and known as the O.K. Type Central Station 
cell, has been designed to meet the demand 
for a heavy and trustworthy cell for lighting 
and traction stations. ‘The cell has capacity 
for high rates of discharge— 1,000 amperes 
for one hour from ten positive plates, as a 
maximum. The box consists of a lead alloy 
crate with lead lining, provided with a lip, 
so that leakage due to “creeping” cannot 
take place, thus making the box absolutely 
indestructible. The construction is such that 
each plate can be separately removed without 
interference with the remainder or with the 
circuit, and the massive connections leave 
little to be desired. The makers claim an 
Increased economy of floor space for this 
type of cell—a battery of O.K. cells occupying 
only about 5°6 square feet of floor space per 
kilowatt hour. The method of supporting 
and insulating the cells will be understood 
from the figure. 

Table I. gives further particulars of these 
cells. 

The Hart Accumulator Company has 
recently completed a battery of 260 cells for 
the Bradford Corporation, having a capacity 
of 1,360 ampere-hours at the ten hour 
discharge rate, the maximum discharges 
being 750 amperes for one minute peaks, 
with 500 amperes for periods of one hour. 
The boxes are made of lead, lipped at the 


top, with strengthening wood battens at the. 


sides, and a lead eave is burned all round 
the boxes to catch the drippings from the top, 
caused by acid spray, and so on. The boxes 
are placed on trays, which in turn rest on 
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insulators, the stands being made of pitch 
pine thoroughly well coated with anti-sulphuric 
enamel. The separators are of glass, nine- 
sixteenths of an inch in diameter; with 
this space between the plates there is no 
danger of internal short circuits. Six inches 
is allowed below the plates for the. accu- 
mulation of deposit, and as this is sufficient 
for many years work, it obviates the necessity 
of periodical cleaning, which is always incon- 
venient. 

There are 17 positive and 18 negative 
plates per cell, the dimensions being 9°25 
inches by 11°5 inches, апа 9'5 inches by 
12 inches respectively. The weight of each 
cell complete with electrolyte is 847 pounds. 

The capacity at various discharge rates Is 
given below, the electromotive force in each 
case not falling below 1°80 volts per cell at 
the end of discharge. 


Discharge Rate. 


Capacity. 


400 amperes 700 ampere hours 


300 » 750 
200 1,000 
100 | 1,400 


This battery is intended to run in series 
with one of the Lancashire Dynamo and 
Motor Company's automatic reversible 
boosters, and will work in parallel with the 
main generators of the traction-station. 

Before bringing the notes on rotary boosters 
to a close, it is desirable that we should say 
a few words on the testing of these machines. 


TABLE I.—PARTICULARS OF O.K. CELLs. 


N umber! Maxi- 
of mum  |-— —————— — 
Plates. 


Discharge Amperes. 


Charge. 


400 
500 
600 
700 


ft. 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Approximate Dimensions. 


l 
| Weight | 
of Cell 
complete 
with acid. 


, Insu 
lator 


. Centres. 
Depth. Centres. Bearers. 
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Seeing that boosters have a very important 
duty to perform in lighting and traction 
stations, the determination of their efficiency, 
output, and behaviour becomes of consider- 
able importance. 
Briefly stated, the test may be divided into 

two parts :— 

(a) Rise of temperature test. 

(^) Efficiency test. 


(a) The best method of determining the 
temperature rise is to obtain the resistances 
of the armature and field coils cold, and 
to run the machine at full load for six hours, 
and again determine the resistances. Re- 
membering that the resistance of copper 


V. Sseffe 


D.P. Switch 


e —— M) 
Source of Supply 


hheostal Ün^*nown Reslstance 


Fic. 38.—DIAGRAM OF CONNECTIONS FOR DETER- 
MINING THE TEMPERATURE RISE OF ARMATURE 
AND FIELD COILS. 


increases by o'21 per cent. per degree 
Fahrenheit rise of temperature, the tempera- 
ture rise can be at once determined. 

The resistance may be readily measured 
by means of a milli-amperemeter, апа milli- 
voltmeter, the diagram of connections being 
shown in Fig. 38. In quick succession about 
twenty readings of A and V should be taken 


TABLE II.— RISE IN TEMPERATURE OF THE 
ARMATURE OF A 6 K.W. GENERATOR. 


Hot. 


| Ohms. 


0°351 
0° 352 
0°35! 
0° 350 
, 0' 350 
0'350 
| O* 351 
0° 352 


Фо сә м M MK m mom om 


Los мч 
| Ga Go 
Cri m 
Un M 


8: 
7° 
6° 
4° 
4° 
7° 
ye 
8: 
9” 
I' 
2* 


Mean resistance 
— o'351 o 


Mean resistance 
= O* 323 @ 


Increase of resistance = 0:028 w; Percentage in- 
crease = 877. Since for every 0'21 per cent. increase 
of resistance the temperature rises 1? F., the rise in 
temperature equals = 8/0°21 = 38°1° Е. 
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by adjusting the rheostat, and the resistance 
calculated from the R = V/A formula, the 
average of the whole of the readings being 
regarded as the correct resistance. With 
good instruments this method, in the hands 
of a careful man, yields exceedingly accurate 
results, as will be seen from Table II., taken 
at random from a students note-book. 
Standard instruments by Nalder Bros. and 
Thompson were used for reading the current 
and voltage, and current was supplied by 
a low voltage generator, the excitation 
being varied as the test proceeded. A 
permanent water resistance was used to 
bring down the current to a low figure, and 
the whole of the regulation was effected by 
varying the excitation of the generator. The 
figures given in the table are from a run of 
one and a half hours at full load, and the 
38° F. must not be regarded as the working 
temperature, as the temperature rises steadily 
for about five hours. 

(4) The elementary diagram of connections 
for the efficiency test in a simple case is given 
in Fig. 39. M, D is the motor generator, E isa 
source of electrical energy ; Am, Ag, a,, and с, 
ammeters; V,, and V, voltmeters; R,, R,, 
and 7, adjustable rheostats ; S,, $, and 5, 
switches. 

The method of conducting the test is as 
follows :— 

I. With all the switches open, increase R,, 
and R, to the maximum value, and make zm 
a minimum. | 

2. Close S, and run the motor up to 
normal speed N, by adjusting Rm. Note 


Fic. 39.—DIAGRAM OF CONNECTIONS FOR 
EFFICIENCY Tesr. 


simultaneously the readings of all the instru- 
ments, and the speed N. 

3. Close sg, so allowing the generator to 
build up its field, and then close S,, and 
adjust the rheostat R, so that A, reads about 
one-tenth of full load current, keeping the 
speed constant by adjusting z,, if necessary. 
Again read all the instruments. 

4. Repeat (3) for about ten different load 
currents Am, up to 1°25 full load, rising by 
about equal increments, and tabulate the 
readings as follows :— 

4 B 
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TABLE III.—SkELETON MODEL FOR TABULATING RESULTS OF EFFICIENCY TEST. 
Makel о оо оно еа Date ЛУК ТУНЕР 
Machine No........ Type....... Normal Output :— Volts....... ;  Amperes....... ; Watts... ; 
Speed....... Resistance of Motor Shunt Coil =....... e. Resistance of Generator Shunt Coil = ....... e. 
Resistance of Motor Armature = ....... о. Resistance of Motor Armature over Brushes = ....... e. 
Resistance of Generator Armature = ....... о, Resistance of Generator Armature over Brushes = ....... @. 


Additional Information 


Motor. 


Shunt Current asn. 
Watts us: d in Shunt 
Current Am amperes. 


Votis 


BOW. Output 7:0 2-0 290 4.0 6:0 "8-0 
Amp n б го 18 20 25 ге 
Amps. Axclfmtiom 0:2 0*2 Od 0-8 0-6 0.2? 
Fic. 40.—TkEst CURVES, SHUNT WOUND 
MOTOR GENERATOR. 


Generator. 


Net Output of Generator 
Efficiency of Motor Generator 


Shunt Cur.ent Ag. 
Watts used in Shunt 
Current Ag amperes 
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A. W.Ouiput 10 20 3-0 4-0 5-0 6-0 
Ampa ь д 40 16 го 286 го 


Fic. 41.—TEsT:CURVES, SERIES WOUND 
MoTOR GENERATOR. 


Shunt wound moter, 230 volts, 1,150 r.f.m. 


AA, Efficiency of combination, 
BB, Generator characteristic. 


CC, Useful output in terms of metor input. 
DD, Efficiency of motor. 


EE, Generator saturation curve. 


The efficiency curve may now be obtained 
by plotting W, horizontally and E vertically. 
The generator characteristic may be obtained 
by plotting V, vertically and A,, horizontally. 
Further, each of the losses may be plotted 
vertically and the output horizontally. 

The curves shown in Figs. 40, 41, and 42 
are the plotted results of a series of tests made 
in the writer's laboratory at the Brighton 
Technical Schools. The set consists of two 
identical machines made by the Lancashire 


Dynamo and Motor Company, especially 
arranged for testing purposes. The windings 
allow of the machines being run shunt, series, 
or compound, a diverter in parallel with each 
series field, and a resistance in series with 
each shunt winding giving a wide range of 
excitation. The machines may be loaded 
either by means of a forty-point wire rheostat, 
or a water resistance, or a lamp-bank resist- 
ance ; the connections to the various rheostats 
being made on a distribution board, which 
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Fic. 42.—Trsr CURVES, COMPOUND WOUND FIG. 43.—TEST CURVES, 40 K.W. AUTOMATIC 
MoTOR GENERATOR. REVERSIBLE BOOSTER (THURY). 
Shunt wound motor, 230 volts, 1,1850 r.p.m. 650 /o 750 r.p.m. 

І PU Curve 1.—No-load volts of booster on one commutator, 

AA, Efficiency of combination, with shunt excitation only, 

BB, Generator characteristic. Curve 2.— Useful output of booster, in terms of motor 

input, 


S Isef ul output in terms of motor input, : А А 
СООО ЕА АЕО (ари Curve 3.—Combined efficiency in terms of motor input, 


TABLE IV.—DkrkraAirs or EFFICIENCY TEST. 


Maker,—-Lancashire Dynamo and Motor Co., Ltd. Date.—March 21st, 1905. 
Machine Nos.—Motor, 32413; Generator, 3240. Ty fe.—Four pole, direct coupled. 
Normal Outfut.—230 volts; 26 amperes; 6000 watts; 1150 revolutions per minute. 

Motor.—Armature cold = 0° 323 о; Armature hot =O 351 w. Brush Resistance = 0°04! o. 
Shunt winding cold = 431*3 w. Shunt winding hot = 476°8 o. 

Gencrator.— Armature cold = 0°329 w; Armature hot = 0°350w. Brush Resistance = 0'029 в. 
Shunt winding cold = 425°0 w. Shunt winding hot = 466°0 w. 


Reststances 


Motor. Generator. 


Speed N revs. per minute. 
Shunt Current Am. 
Armature Current Am. 
W, =(AmVm + amirm). 
Shunt Current Ау, 
Net Output of Generator 
Wi X 100% 
Efficiency of Motor Z 


| Watts used in Shunt 
Current Ag, 
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latter is common to all the machines in the 
laboratory. 

The whole of the connections are perma- 
nent, the arrangement of the switch gear being 
such as to allow the changes to be effected 
without interfering with the machine connec- 
tions in any way. In a college laboratory 
this is undoubtedly the better plan, provided 
students make themselves thoroughly conver- 
sant with the switchgear before testing the 
machines. 

The normal speed of the machines is 1,150 
revolutions per minute on 230 volts, though 
the speed may be regulated between very 
wide limits by means of resistances in the 
armature and field circuits. For lower volt- 
age working, spare armatures for 115 volts 
are provided. 

In the tests referred to above, the generator 
was loaded up on a water resistance, the 
output being determined by means of a 
standard testing set by Nalder Brothers and 
Thompson. The speed of the motor was 
kept constant by altering the field excitation, 
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readings being taken with the tachometer. 
The rise of temperature was determined by 
the increase of resistance methods, the resist- 
ance being measured, immediately before 
and immediately after the test, by the fall 
of potential method. The results of the 
test plotted in Fig. до are tabulated in 
Table IV. 

The various losses were determined in a 
separate series of tests, and want of space 
prevents us from entering into details of 
these. The interested reader cannot do 
better than refer to any of the numerous 
treatises on electrical engineering testing for 
further information. 

The test curves of the Thury booster, 
described in a previous article, are given in 
Fig. 43, and require no description. 

Fig. 44 illustrates, in a striking manner, 
one of the ills to which this class of machinery, 
in common with all rotatory appliances, is 
subject; how the central station engineer 
swallowed this bitter experience had best be 
left to the imagination of the reader. 


Fic. 44.—REsULT OF ACCIDENT TO ROTARY BOOSTER. 


THE ELECTRO-MAGNETIC THEORY. 
Explained without the Use of the Higher Mathematics. 


Part IX.—ELECTRONS (continued). 


By EDWIN EDSER, A.R.C.Sc. 


N the Maynumber of TECHNICS 

(pp. 421—428) I gave a brief 

account of a theory, by the 

aid of which the properties 

of a moving charged sphere 

can be explained. 

showed how this theory has 

been applied to explain the phenomena which 
occur In a vacuum tube during the passage 
of an electric current. One of the most 
important conclusions reached was that the 
kathode tays in a vacuum tube consist of 
streams of negatively charged particles, the 
mass (or inertia) of each particle being equal 
to about one seven-hundredth part of the 
mass of a hydrogen atom, while the charge 
is equal to that carried by a hydrogen atom 
in electrolysis: these ultra-atomic particles 
are now known as electrons. In the present 
article I propose to give a short account of 


the experiments performed, and the conclu- . 


sions reached, with regard to electrons derived 
from sources other than the kathode rays. 
In the first place, it will be advisable to 
describe the rays first observed by Lenard, 
and known as the Lenard rays. 

Lenard Rays.—As explained in the last 
article, kathode rays are intercepted by most 
material bodies, even by a thin film of mica 
or glass; this is proved by the fact that such 
films throw well-defined shadows when inter- 
posed between the kathode and the walls of 
a vacuum tube (Ткснмісѕ, Vol. III., No. 17, 
May, 1905, p. 426). Hertz found, however, 
that very thin films of gold or aluminium 
(films not more than a few thousandths of a 
millimeter thick) are apparently transparent 
to kathode rays; they do not cast per- 
fectly dark shadows, as thicker films would. 
Lenard followed up this discovery by making 
a vacuum tube with a small aperture or 
window in its walls, 177 mm. in diameter, 
closed with a film of aluminium 0':00265 
mm. thick; the tube was highly exhausted, 
and the rays from the kathode were allowed 
to fall on the inside of this window, when it 
was found that they apparently passed through 
the film of aluminium and emerged into the 
air, causing the latter to become luminous 
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for a distance of a few centimeters from the 
window.  Phosphorescent substances, such as 
zinc sulphide (blende) or barium platino- 
cyanide, became luminous when placed near 
the window. Ifthe space beyond the window, 
instead of being occupied by air at atmos- 
pheric pressure, is highly exhausted, the rays 
leaving the window travel much farther. These 
rays have been called Lenard Rays. Lenard 
found that the opacity of a substance to these 
rays is proportional to the density of the 
substance. : 

Lenard rays are deflected by magnetic 
and electric fields in a manner precisely 
similar to that observed in connection with 
kathode rays; hence we conclude that 
Lenard rays consist of streams of negatively 
charged particles travelling with considerable 
velocities. Lenard conducted an experiment 
in which these rays simultaneously traversed 
electric and magnetic fields arranged so as 
to deflect the rays in opposite directions 
(compare ‘TECHNICs, Vol. III., No. 17, May, 
1905, p. 428), and adjusted the strengths of 
these fields so that no deflection was pro- 
duced; thus, in a manner similar to that 
already explained in connection with kathode 
rays, the velocity of the Lenard rays was 
found to be equal (on an average) to 
7 X 10? cms. per second. On determining 
the curvature of the path of these rays under 
the sole action of a magnetic field, and sub- 
stituting in the appropriate formula (TECH- 
nics, Vol. III., No. 17, May 1905, equation 
(5), p. 427) the ratio of the charge 4 to the 
mass (or inertia) # of a particle was found 
to be equal to about 6:4 X тоб—а result in 
good agreement with that found for the 
kathode ray particles, i.e, 777 X 10°. Hence 
we conclude that Lenard rays consist of 
streams of electrons, similar to kathode rays ; 
indeed, we may fairly assume that Lenard 
rays are merely kathode rays which have 
traversed a thin film of metal forming a 
window in a vacuum tube, and so have 
emerged into the atmosphere. 

Electrons produced by the Action of Ultra- 
Violet Light.—It has been found that when 
ultra-violet light falls on a negatively-charged 
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zinc plate, the charge of the plate rapidly 
falls; this result suggests that, under the 
action of ultra-violet light, electrons are 
given off from the zinc. These electrons 
act as the carriers by means of which the 
negative charge is transported from the plate. 
Once an electron has escaped from the 
negatively-charged plate, it will be repelled, 
and will move away from the plate with an 
increasing velocity, provided that its move- 
ment is not interfered with by the surround- 
ing gas. If the plate is enclosed in an 
exhausted vessel, the electrons will quickly 
acquire considerable velocities, and if they 
traverse a magnetic field at right angles to 
their direction of motion, their paths will 
become curved. 

Professor J. J. Thomson has utilised these 
principles in order to determine the ratio of 
the charge to the mass of the particles emitted 


Fic. I. 
APPARATUS FOR INVESTIGATING THE PROPERTIES 
OF THE ELECTRONS GIVEN OFF FROM A ZINC PLATE 
UNDER THE ACTION OF ULTRA-VIOLET LIGHT, 


from a zinc plate under the action of ultra- 
violet light. А zinc disc Z (Fig. т) is en- 
closed in a vessel from which the air is 
exhausted as completely as possible, and 1s 
supported by a rod connected with the 
negative terminal of a powerful battery. 
W W represents a piece of wire gauze con- 
nected to an electrometer by means of the 
connecting wire E. The lower end of the 
containing vessel is covered with a plate of 
quartz Q Q, which is transparent to ultra- 


. violet light. 


Technícs 


When a series of sparks are 
caused to pass between the zinc knobs S, the 
ultra-violet light from these sparks traverses 
the quartz plate Q and the wire gauze W W, 
and falls on the zinc disc Z: electrons are 
emitted by Z, which move downwards and 
fall on the wire gauze W W, thus giving a 
negative charge to the electrometer, or dis- 
charging the electrometer if the charge of the 
latter is positive. 

A magnetic field is now produced in the 
space between Z апа W W; let us suppose 
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Fic. 2.—DETAIL OF FIG. I, SHOWING PATHS OF 
ELECTRONS. 


that the lines of force pass vertically down- 
wards through the plane of the paper in Fig. т. 
Then, as the velocity of an electron increases, 
so will the electro-magnetic force acting on it 
increase, with the result that the electrons 
traverse cycloidal paths and ultimately return 
to the zinc disc (Fig. 2). The radius of the 
generating circle of the cycloid depends on 
the known values of the electric field F 
between Z and W, the magnetic field H at 


_ right angles to the path of the particles, and 


the mass m and charge 4 of each particle ; 
the value of the radius of this circle can be 
shown* to be equal to (m F) / (4 H?), and 
since the diameter of the generating circle is 
equal to the distance from the zinc disc Z at 
which an electron commences to return to 
the disc, it follows that if the distance from 
Z to WW is greater than (2 # Е) / (4 Н?), 
no electron will reach W W, and the electro- 
meter will be unaffected ; for smaller distances 
between Z and W W, the positive charge of 
the electrometer will be quickly dissipated. 
The actual phenomena are not so abrupt as 
this theory indicates. It is found in practice 
that when Z and W W are near together the 
magnetic field produces only an exceedingly 
small effect. On increasing the distance 
from Z to W W,a stage is reached at which 
the magnetic force produces a very great 
effect on the charging or discharging of the 
electrometer. At still greater distances the 
magnetic field has so great an etfect that the 
electrometer maintains {һе same deflection 
whether the ultra-violet light falls on the disc 
Z Or not. 


* ** Conduction of Electricity through Gases." By 
J. J. Thomson, LI.D., F.R.S., etc. (University 
Press, Cambridge. 1903). p. 88. 
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Professor J. J. Thomson observed the dis- 
tance 2 from the disc Z to the wire gauze 
W W when the magnetic ficld H begins to 
retard the effect on the electrometer; then 
from the equation 


d = (2 m F) / (g НЭ), 


in which all quantities except m and 4 were 
known, the value of the ratio g/m was calcu- 
lated; this was found to be equal to 7'3 X 
тоё which is in remarkably close agreement 
with the corresponding value for kathode 
rays. 

Electrons emitted by a heated body.—An 
intensely heated body loses a negative charge 
very quickly, a result which indicates that 
heated bodies emit electrons. Professor J. J. 
‘Thomson determined the ratio g/m for these 
electrons when the heated body is an incan- 
descent carbon filament in rarefied hydrogen ; 
a magnetic field was produced in a direction 
perpendicular to the path of the electrons 
leaving the filament, and the distance from the 
filament to which the electrons then travelled 
was determined in a manner practically 
similar to that already described in con- 
nection with the electrons emitted under the 
action of ultra-violet light. ‘The value found 
for the ratio g/m was 8*7 X 10°. 

Radium Radiations—The element radium 
emits a number of radiations which may be 
classified as follows :— 

The a rays are perceptibly deflected in a 
magnetic field only when this is of very great 
strength : the direction of their deviation in 
strong magnetic fields indicates that they 
consist of streams of positively charged 
particles. a rays are very easily absorbed, 
and can only travel a few millimeters through 
air. 
The В rays are readily deviated by a 
magnetic field; the direction of their devia- 
tion indicates that they consist of streams of 
negatively charged particles. [8 rays аге 
very penetrative, and can pass through thin 
layers of glass, mica, aluminium, etc. 

The y rays cannot be deflected in the 
strongest magnetic fields which have been 
obtained up to the present; hence these 
probably do not consist of streams of charged 
particles, but of some form of ætherial dis- 
turbance more or less akin to light. 

The fact that a thin layer of aluminium or 
glass suffices to stop the a rays, while the 
8 and y rays are allowed to proceed, gives 
us a means of getting rid of the a rays. 
When the f rays of radium pass through air, 
they ionise the air, or render this conducting ; 
probably the [В ray particles strike against 
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-the atoms or molecules of the air, and cause 


electrons to be emitted in much the same 
way as when ultra-violet light falls on zinc. 
This fact renders it impossible to charge a 
body negatively by allowing £ rays to fall on 
it, unless special precautions are taken to 
prevent the ionised air from coming in 
contact with the body. М. and Mme. Curie 
proved that 3 rays, when they fall on a body, 
communicate a negative charge to the latter, 
in the following way :—A disc of lead was 
entirely enclosed in a block of paraffin wax, 
the latter being coated all over its exterior 
surface with a layer of aluminium foil con- 
nected to the earth. The lead disc was 
connected by an insulated wire with an 
electrometer. When some radium was placed 
near the block of paraffin wax, the 8 and y 
rays penetrated the aluminium coating and 
the wax, and reached the lead disc ; here the 
В rays were stopped and gave up their 
negative charges, with the result that the 
electrometer acquired ап increasing negative 
charge. ‘The a rays were unable to penetrate 
the aluminium, and therefore never reached 
the lead disc; the air ionised by the radium 
never came in contact with the lead disc, but 
only with the earth-connected aluminium 
coating of the wax, and therefore produced 
no effect on the result. 

The deviation of the B rays by a magnetic 
field was discovered simultaneously by several 
observers ; an account 
will now be given of 7 
the method used by ; . 
Becquerel to observe ће ; k~; 
deviation, and to deter- < 
mine the ratio of the 
charge to the mass of 
the particles. A rect- 777 - 
angular block of lead L у 
(Fig. 3) has a vertical - 
saw-cut S made in one > 
of its faces, and some : 
radium is placed in the 
bottom of this cut. 
The radiations leaving 
the orifice of the cut Plan 
issue nearly parallel to Fic. 3. — Tortus- 
each other, and if they dust o 
fall pn the surface of ING THE DEFLECTION 
an inclined sheet of oF THE B RAYS OF 
glass Р coated with RADIUM, 
some phosphorescent 
substance, a luminous line will be traced 
where the rays fall. If P is a photographic 
plate, the rays will reduce the silver salts at 
the points on which they fall, and after 
development the plate will exhibit a dark 
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band (the central band in Fig. 4). In this 
case the mouth of the saw-cut must be 
covered by a thin lamina of aluminium, so 
as to intercept the light from the phosphor- 
escent radium. 

Now let us suppose that the block of lead 
is placed on the pole N of a magnet (Fig. 3), 
an opposite pole (not shown in the figure) 
being placed above the block in order to 
concentrate the field. If N is a North pole, 
the other pole being South, the В rays are 


FIG. 4.—PHoTOGRAPHIC PLATE, AFTER EXPOSURE 
TO RADIATION FROM RADIUM IN MANNER 
REPRESENTED IN FIG. 3. 


twisted to one side and describe curved paths 
as indicated in Fig. 3; the direction of 
deflection shows that the f rays consist of 
negatively-charged particles. On reversing 
the polarity of the poles, the В rays are 
deflected toward the opposite side, and the 
final result obtained when the photograph is 
developed is shown in Fig. 4. 

Kaufmann has succeeded in acting on the 
B rays of radium simultaneously with an 
electric and a magnetic field, the direction of 
these being such that the deflection due to 
one was in the opposite direction to that due 
to the other. The whole experiment was 
conducted in an exhausted vessel, in order to 
avoid the retarding action of any gas on the 
'B rays ; the rays were finally allowed to fall 
on a photographic plate, so that their re- 
sultant deflection could be noted. The 
deflection due merely to the magnetic field 
was subsequently observed. Employing the 
reasoning already explained in connection 
with kathode rays, it was found that the 
В rays do not all travel with the same 
velocity ; further, the ratio g/m varied, being 
least for the rays travelling with the highest 
velocities. ‘The results obtained by Kauf- 
mann are given in Table I. 

It will be noticed that the value of the 
ratio g/m diminishes as the velocity increases; 
if we suppose (as seems natural) that 4 is 
constant, then this means that the mass (or 
inertia) of a particle increases as the velocity 
increases. It will be remembered that this 
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TABLE I. — VALUES OF v AND g/m РОК В Rays 
OF RADIUM. 


result might be predicted from theoretical 
grounds (TEcHNIcs, Vol. III., No. 17, May, 
1905, p. 423) ; the tubes of force carried by 
a charged sphere tend to crowd up toward the 
equatorial plane of the sphere as the velocity 
increases, and this causes the sectional areas 
of the tubes to diminish and their inertia 
to increase. Professor J. J. Thomson has 
calculated the theoretical ratio of the inertia 
m, of acharged sphere moving with a velocity 
of the order observed by Kaufmann, to the in- 
ertia m of the same sphere when moving with a 
small velocity, assuming that the inertia of the 
sphere ts entirely due to the tubes of force carried 
along with it; the results are given in Table 
II., which also gives the values obtained by 
Kaufmann from experiments. 


TABLE II. 


(998) / 500) 
From Experiment. 


(m/m) 
Theoretical. 


It will be observed that the values of the ratio 
m,/m, calculated from theoretical considera- 
tions, are in excellent agreement with those 
obtained from experiment ; this suggests that 
the mass (or inertia) of an electron is entirely 
due to the tubes of force associated with it. In 
this case the inertia of a slowly moving 
electron would be equal to (2g°)/(3a), where 
a is the radius of the electron, and 4 its 
charge in c.g.s. electro-magnetic units; if we 
assume that the charge 4 is equal to that 
carried by a hydrogen atom in electrolysis, 
we can calculate the value of m from the 
known value of the ratio g/m, and from this 
we can obtain a, the radius of the electron 
(supposed to be a sphere). The value of a 
obtained is about 1073 c.m., which is much 
less than the dimensions of an atom (r.e., 
about 1077 or 10? c.m.). 

The deflection of the a rays in a very 
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strong magnetic field was first observed by 
Rutherford ; the method’ subsequently used 
by Becquerel to confirm Rutherford's ob- 
servations will here be described, as it is 
more direct and easily understood. 

A block of lead (L, Fig. 5) was provided 
‘vith a vertical saw-cut containing radium, 
just as in the ex- 
periment with the 
B rays (p. 559). А 
metal diaphragm 
with a fairly narrow 
vertical slit was 
placed directly in 
front of the saw- 
cut ; on exciting the 
electro - magnet so 
that N became a 
very strong North 
pole, the [В rays 
were deflected to 
| one side and inter- 

Plan cepted by the dia- 
Eo. g= shige a phragm, while the 
unde ax сыш Ho ТУБ ere On 
TION OF THE a КАҮЅ or Slightly deflected, 
RADIUM. and that in a direc- 
tion opposite to that 
of the 8 rays. Thus thea rays passed through 
the slit in the diaphragm, and fell on the 
phosphorescent screen or photographic plate 
P; on reversing the polarity of the magnet 
poles the direction of deflection of the a rays 
was reversed, and the photographic plate 
showed the two narrow dark lines in Fig. 6, 
after development. 

Rutherford concludes that the velocity of 
the a ray particles is about 2*5 X ro? cms. 
per second, Z«, less than one-tenth part of 
the velocity of light. The ratio of the charge 
g to the inertia zz of an a ray particle is 
about 6 x 10%, which is of the same order of 
magnitude as the ratio of the charge carried 
by a hydrogen atom in electrolysis to the 
mass of that atom. All experiments per- 
formed up to the present go to show that 
particles carrying esifive charges are of 
ordinary atomic dimensions. i 

Determination of the charge carried by an 
Electron.—By the aid of a sensitive electro- 
meter very small electric charges can be 
accurately measured. Hence, if a space 
contains a considerable number of electrons, 
and the charges carried by these can be 
communicated to an electrometer, their sum 
can be determined ; if the electrons can then 
be counted, the charge carried by each will 
become known. At first sight it would 
appear to be impossible to count the number 
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(amounting to many millions) of electrons in 
a given space, each electron being far smaller 
than an atom, and, therefore, far beyond the 
perception of our senses, even when aided by 
the best modern microscope; nevertheless, 
Professor J. J. Thomson has succeeded in 
this seemingly impossible task, using the 
method now to be briefly explained. 

The surface of a liquid is the seat of a 
considerable store of energy ; the energy per 
unit area of the surface is called the surface 
tension of the liquid. When a vapour 
condenses, the corresponding liquid must 
possess a surface, and must, therefore, possess 
a store of energy not present in the vapour. 
Let T be the surface tension of a liquid. 


Fic. 6.—PHOTOGRAPHIC PLATE, AFTER EXPOSURE 
TO RADIATION FROM RADIUM IN MANNER 
REPRESENTED IN FIG, 5. 


The surface of a spherical drop of radius 7 
centimeters will have an area of 477? square 
centimeters, and the surface energy of this 
drop will be equal to 477?T. Let us suppose 
that a drop of water of radius 7 is formed by 
the condensation of aqueous vapour; the 
mass of the drop is equal to (477?)/3, and 
the energy liberated in the form of heat will 
be equal to (477?L)/3, where L is the latent 
heat of water. If 


the energy liberated by condensation would 
be less than that required to supply the 
surface energy of the drop, and therefore 
condensation would not occur. 
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Thus a space may be supersaturated with 
aqueous vapour, and yet no condensation 
will occur, owing to the fact that, if it did, 
drops smaller than the above limit must be 
initially formed. Aitken has shown that if 
finely divided solid particles (such as dust or 
smoke) are present in the space, condensation 
will occur round these, since each particle 
can act as a nucleus for the vapour to con- 
dense and form a drop initially larger than 
the above limit. С, T. К. Wilson has found 
that electrons act as condensation nuclei; in 
this case the drop formed round an electron 
will be charged, and the lines of force ex- 
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Fic. 7. 
To ILLUSTRATE PROF. J. J. THOMSON'S METHOD 
OF DETERMINING THE CHARGE OF AN ELECTRON. 


tending from the drop will, in virtue of their 
tension, tend to pull the surface outwards, 
thus diminishing the pressure within the drop, 
and so neutralising the effect of surface 
tension which produces a pressure. 

If very small drops of water form a cloud, 
this will sink very slowly, owing to the 
viscous friction between the drops and the 
surrounding air. Sir George Stokes has 
shown that a cloud of water-drops, each of 
radius z, will sink with a velocity v given by 
the equation v = (207?) /ор where g is the 
acceleration due to gravity, and д is the 
coefficient of viscosity of air. 

We are now in a position to understand 
the method used by Prof. J. J. Thomson. 
When the volume of some air is suddenly 
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increased the temperature of the air falls ; 
hence if the air was originally saturated, it 
will be supersaturated after expansion, and if 
nuclei are present condensation will occur. 
The mass of aqueous vapour condensed can 
be calculated if the original volume and 
temperature of the air, together with the 
ratio of expansion, are known. By observing 
the velocity with which the resulting cloud 
descends, the radius and therefore the mass 
of each drop can be found ; hence, knowing 
the mass of all the drops, and also the mass 
of each one, the number of drops can be 
calculated ; and assuming that each drop is 
formed round an electron as nucleus, the 
number of electrons becomes known. 

The apparatus used is represented diagram- 
matically in Fig. 7. А vessel A contains 
dust-free air saturated with aqueous vapour 
above water. This vessel is connected with 
a tube B containing an inner tube C which 
can move up or down freely. The inside of 
C is cut off from B by a water seal, while it 
communicates with the vessel E by means of 
the tube D. On suddenly diminishing the 
pressure within E the tube C is pulled down- 
wards, thus increasing the volume of the air 
in A and B in a known ratio. The vessel F 
is partially exhausted, and on pulling down 
the rod H the inside of E is put into com- 
munication with F, the pressure in E falls, 
the tube C descends, and the expansion of 
the air in A causes condensation to occur. 
Electrons had previously been produced 
within A by means of X rays from a tube T 
in a metallic vessel; these rays pass through 
a thin sheet of aluminium Al connected to 
earth. When the ratio of expansion is only 
about 1°3, the electrons, and not the positively 
charged particles within A, act as condensa- 
tion nuclei; the rate of descent of the 
resulting cloud is then observed, and from 
this the number of electrons in A is calcu- 
lated. When the cloud has descended to 
the water, the charge communicated to the 
latter 1s deduced from the deflection of an 
electrometer connected to the water. Hence 
the number of electrons, and the sum of all 
their charges, is found, and the charge of 
each electron can be calculated. Proceeding 
in this manner, Professor J. J. ‘Thomson 
found the value of the charge carried by a 
single electron to be equal to 3°4 X ro ~!° 
electrostatic units. The estimated charge 
carried by a hydrogen atom in electrolysis 
is equal to 3: 1 X то ~” electrostatic units, so 
that, within the limits of experimental error, 
the charge of an electron is equal to that carried 
by a hydrogen atom in electrolysis. 


THE ELEMENTS OF CHEMICAL ENGINEERING. 


[All Rights Reserved.] 


By J. GROSSMANN, M.A., Ph.D., F.I.C., Chemical Engineer and Consulting Chemist, 
Manchester. 


MEASURING INSTRUMENTS AND THEIR TECHNICAL EQUIVALENTS. 


MONGST the most important 
operations carried on in the 
laboratory are those relating 
to measurements. They are 
of manifold kinds, and are 
applied for the determination 
of the weights of solids, the 

volumes of liquids and gases, the temperature, 
the pressure in relation to that of the ordinary 
atmosphere, etc. The quantities to be dealt 
with in works, and the conditions under 
which operations are there conducted, are 
different from those which obtain in the 
laboratory; therefore it is evident that, al- 
though the principles upon which apparatus 
is constructed for use in large installations are 
substantially identical with those used in the 
construction of laboratory apparatus, yet the 
details and dimensions will be different. 
Taking, as an instance, the balances used 
in the laboratory, we find that these depend 
upon the use of an oscillating beam, the 
position of the centre of gravity of which 
determines the sensibility of the instrument. 
In practical work, ordinary beam balances are 
frequently used in sizes which render it possi- 
ble to determine weights up to one ton and 
more: fitted with knife edge centres and 
bearings, they can be made extremely sensi- 
tive, and are therefore particularly useful in 
the handling of expensive goods. A more 
convenient arrangement 15 represented by a 
“ platform " weighing machine, which may be 
either made on the principle of the foregoing 
balances or on the principle of decimal or 
centesimal leverage; such a machine is shown 
in Fig. 31, where a platform is connected by 
a system of levers with the indicating appara- 
tus which carries the weights. The levers are 
adjusted in such a manner that the object 
placed on the platform can be balanced by 
1/1oth or т/тоо of its own weight. The 
indicating arrangement consists of a steelyard 
graduated in pounds and fractions of a pound, 
and at its extreme point carrying an arrange- 
ment for supporting weights representing cwts. 
and fractions of acwt. The lbs. and fractions 
of a lb. are determined by a device similar to 
the rider on a chemical balance, Ze, by a 
running weight which moves on the divisions 


on the steelyard. These weighing machines 
can be made to carry weights up to eight, ten, 
and more tons. Some of the smaller machines 
are constructed in such a manner that they 
require no weights, but indicate the result on 
a dial; others may be made to weigh definite 
quantities of powdery substances automatically 
by a system of shutters acted on by levers. 
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FIG. 31.—PLATFORM WEIGHING MACHINE. 


The measurement of liquids, where equal 
quantities are often used, is generally per- 
formed in vessels of convenient shape, prefer- 
ably rectangular. The contents of these 
vessels mav be found either by calculation, or 
by filling them with water to the required 
level and ascertaining the volume by calcula- 
tion from the weight obtained. As one cubic 
foot of water weighs 62°35 lbs., and has a 
volume of 6* 235 gallons, it is easy to calculate 
from the weight in lbs. how many cubic feet 
or how many gallons a vessel will hold. In 
like manner, when it 1s desirable to ascertain 
the volume of a liquid other than water, this 
can be easily ascertained by weighing the 
liquid, and dividing the weight in lbs. thus 
obtained by the specific gravity of the liquid 


564 


multiplied by 6'235; the result will then give 
the capacity in gallons. 

In the laboratory, the determination of the 
specific gravity of a liquid by the aid of a 
* pyknometer " is somewhat tedious; in a 
works, the * areometer " is used for the same 
purpose, and enables one to obtain the result 
almost instantly. This appliance consists of 
а bulbous body and a thin stem ; the former 
is filled with shot or mercury, and its total 
weight is adjusted so that when it is dipped 
into a liquid it will sink to a depth depending 
on specific gravity of the liquid. The stem 
is divided so that the scale marked on it in- 
dicates the specific gravity of a liquid at the 
point to which the stem sinks into it; the 
stem may be graduated with figures giving 
the specific gravity direct, or in some scale 
which can be easily converted into this. In 
Great Britain, the areometer which is generally 
used is that named after 'l'waddell ; each 
degree corresponds to an addition in the 
specific gravity of water of о 'оо5, so that if, 
for instance, the instrument indicates 6? 
Twaddell, it means that the specific gravity is 
(1 + 6 X 0*005) = 1:03. If the instrument 
indicates 53° ''waddell, the specific gravity is 
(т + 53 X 0:005) = 1:265. On the con- 
tinent there are several other areometers 
used ; Table I. will enable measurements in 
any of these arbitrary scales to be converted 
approximately into specific gravities, or vice 
versa; d is the specific gravity of a liquid 
(as compared with water = т), and z is the 
variable showing the degree in any particular 
scale. 

Before leaving the subject of weights and 
measures, it may be useful to point out that 
there are certain coincidences which enable 
us to convert English weights апа measures 
into their metric equivalents without tedious 
calculations, the results being sufficiently 
accurate for ordinary work. ‘Thus, for 
instance, an English ton contains 2,240 lbs.; 
and as т kilo. is equal to 2° 2 lbs., for purposes 
of quick calculations it may be taken that 
1,000 kilos. are equal to 1 ton, or that 50 
kilos are equal to 1 cwt. As І cubic foot of 
water weighs 997°6 ozs. (which is very 
nearly 1,000 ozs.), and as one litre weighs 
1,000 grams, it follows that densities ex- 
pressed in grams per litre. also. represent 
similar results expressed in ozs. per cubic 
foot. Thus, for instance, if an analysis gives 
us 55*5 grams of salt per litre, we can say 
straight away that this represents 55°5 ozs. 
(or 3°47 105.) of salt per cubic foot. Again, 
т gallon is equal to то lbs.; therefore grams 
per litre divided by тоо give lbs. per gallon. 
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Tase I.—'To CONVERT VARIOUS SCALES 
INTO SPECIFIC GRAVITY, OR Vice versd. 


For liquids heavier than water. 


Baumé d 00. = 2.549 9... 
I45'9 — z 
Cartier a... = 136°8 E 
1261-я 
Beck d —— — E sA 
170 — m" 
Brix d 20. = d А 
400 — я 
Balling d . . = s 
200 — л 


Gay-Lussac 2 . . = - 


Twaddel d . . = zo 9g 

IOO 

For liquids lighter than water. 

Baumé do. . = 1455/9 
1359 +7 
Cartier d 2. 0. = -- 36°83 _ 
126'1 + л 
Beck d є А == чле zu 
I7O + z 
Brix d = 490 oe 
400 + n 

Balling а... = 289 
200 + z 

IOO 


Gay-Lussac d . . = 


Also, as 1 gallon is equal to 70,000 grains, 
results found in grams per litre, when multi- 
plied by 70, will give the result in grains per 
gallon. 

Where it is necessary to measure a quantity 
of gas in motion, a meter of a kind similar to 
that used for the measurement of coal gas is 
used. Where this is not practicable the speed 
with which the gases travel is determined. 
Suppose we want to determine the amount of 
sulphurous acid which passes into the atmo- 
sphere from a chimney. We can easily 
determine the amount of sulphurous acid per 
cubic foot by aspirating that volume, or a 
multiple of it, through a standard iodine 
solution. By ascertaining from drawings, or 
by measuring the sectional area of the 
chimney at the point at which we took the 
sample, we can find the number of cubic 
feet of gas which pass through the chimney 
in a certain time, if we know the speed at 
The apparatus which 
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is used for determining the speed 15 called an 
anemometer, and is based upon the move- 
ment of a column of cther in a tube when 
under the influence of a current of gas. 

The measurement of temperatures in the 
laboratory is nearly always performed by 
means of an ordinary mercury thermometer, 
and the same instrument is used on a large 
scale where this is feasible. It must be 
borne in mind, however, that the ordinary 
thermometer is only trustworthy within limits 
which are not too near to the freezing or the 
boiling point of mercury. For temperatures 
higher than 320° C. or 330° C., it is now 
possible to use specially constructed mercury 
thermometers ; the space above the mercury 
is filled with nitrogen or carbonic acid under 
pressure, and the bulb and tubes are made of 
refractory glass, so that temperatures up to 
550^ C. can be measured. A serious objec- 
tion to glass thermometers is that they are 
liable to be broken. "This objection can, to 
some extent, be overcome by encasing them 
in suitable metal cases, leaving uncovered 
that part of the scale on which the reading is 
to be observed. In order to meet different 
requirements, thermometers are constructed 
of all sizes and shapes up to three feet and 
more in length, bent at right angles or in 
other ways, and constructed in such a manner 
that the scale is only uncovered for that 
range of degrees which it is desirable to 
observe. For temperatures above 550° C. 
instruments are used which are termed 
* pyrometers." ‘The construction of these is 
based on different principles; one class of 
construction depends upon the fact that metals 
expand with a rise of temperature, and the 
increase in length in the metal (which may 
be in the shape of a bar or a spiral) is trans- 
ferred by a lever arrangement to a scale, and 
indicated by a pointer. Pyrometers have 
also been constructed which depend upon the 
principle of the expansion of air, the heat 
being indicated on a dial in a similar manner. 
It may be stated here, as a rule which applies 
to all instruments for temperature measure- 
ment, that it is necessary to check them from 
time to time; this applies not only to pyro- 
meters, but also to thermometers, which, as 
is well known, change in the course of time. 

One of the simplest and (if properly con- 
ducted) one of the most trustworthy ways of 
determining high temperatures is by means 
of the calorimeter. The calorimeter is based 
on the fact that if a substance of known 
specific heat and weight, heated to a certain 
temperature, is dropped into а known 
quantity of water of known temperature, it 
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will cause this water to rise in temperature by 
a definite amount. If, therefore, the weight 
and the specific heat of the substance be 
known, and a definite quantity of water be 
taken for the purpose of the experiment, it 
will be possible, from the rise of temperature 
of the water, to determine the temperature 
to which the heated substance was raised. 
The apparatus consists of a metal vessel, 
generally made of sheet copper, which 1s 
placed in a wooden box, the space between 
the two being filled with a bad conductor, 
such as wool or similar substances. The 
copper vessel is covered with a lid which 15 
provided with two holes—one to admit a 
thermometer graduated in tenths of degrees, 
and the other to permit the heated mass of 
metal to be introduced. А copper stirrer is 
provided, so that the water in the calorimeter 
can be mixed to equalise the temperature. 
The mass of metal to be heated may take 
the form of a cylinder made of wrought iron, 
copper, nickel, or platinum. In order to 
carry out the test, the apparatus is filled to 
two-thirds with an accurately measured quan- 
tity of water. The metal cylinder is placed 
in a metal spoon fixed on a sufficiently long 
rod, and passed into the flue or furnace, of 
which the temperature has to be determined : 
it is left there for a sufficient time (twenty 
minutes or half an hour), and then quickly 
removed and dropped into the calorimeter. 
The temperature of the water in the calori- 
meter is taken shortly before the metal 
cylinder is dropped into it, and immediately 
after. Let the original temperature of the 
water be 4 while the maximum temperature 
after inserting the heated cylinder is 7, ; let 
the weight of the metal cylinder be 2, while 
the specific heat of the metal of which it is 
made is ¢; then, if the water equivalent of 
the copper vessel and its contents is ^, the 
temperature T of the hot cylinder is 
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The water equivalent of the vessel and 
stirrer is the actual weight of these multiplied 
by the specific heat of copper. This is added 
to the mass of water in the calorimeter in 
order to obtain Ду. It must not be forgotten 
that the specific heat of metals varies with 
the temperature, and this fact should be taken 
into consideration. 

A very convenient appliance for measuring 
temperatures is now at our disposal in the 
form of the electrical thermometer. This 
instrument may be either of the resistance or 
the ZAermo-clectric type. In the resistance 
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thermometers, use is made of the fact that 
the electrical resistance of a metal depends 
upon the temperature ; so that if, for instance, 
a platinum wire is exposed to the heat of a 
furnace, the current produced in it by a given 
E. M.F. will vary with the temperature of the 
wire. The thermo-electric thermometer, on 
the other hand, depends upon the fact that if 
two wires of different metals (as, for instance, 
wires of iridium and platinum) are joined at 
their ends, ап E.M.F. is produced which 
varies with the temperature to which the 
junction. of the wires 1s exposed, and the 
resulüng current can be measured by means 
of a galvanometer which may be adjusted in 
such a manner that degrees Centigrade or 
Fahrenheit are shown on its scale. "These 
instruments are extremely useful, particularly 
as they can be used in situations where it 
would be difficult to introduce other kinds of 
thermometers ; but it 1s important here, as in 
every other case, to check the instruments 
from time to time. 

Another kind of thermometer which 15 
now much uscd goes by the name of the 
* ''halpotassimeter." This instrument works 
on the principle that the vapour of a liquid 
confined in a closed space will possess a 
pressure, depending on the temperature of 
the liquid, which can be read off on a 
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convenient scale. The liquids which may be 
used for the purpose vary according to the 
temperatures which are required to be 
measured. For low temperatures, such as 
required in a vacuum apparatus, etc., ether 
or alcohol may be used ; for higher tempera- 
tures, mercury or other liquids are employed. 
A system of determining temperatures, often 
used in furnaces in the manufacture of 
pottery and similar wares, consists of little 
cones made of glazing material of different 
degrees of fusibility. The - approximate 
melting point of these cones is known ; and, 
by placing a number of them in the furnace, 
it can be easily ascertained which of them 
melt, and which remain unmelted. 

For quick determinations which. may be 
left to the workman, it is sometimes con- 
venient to make use of the known 
temperatures at which certain metals or 
compounds melt. Thus, for instance, potas- 
sium nitrate melts at 329°, and bismuth at 
264°. If we introduce these two substances 
(in a little spoon which 1s fixed on a long 
handle) into the furnace of which we want 
to test the temperature, and if we find 
that the bismuth melts, and that the potas- 
sium nitrate does not, then we may take 
it that the real temperature 1s between the 
329 and 264° C. 


(Zo be continued.) 


THE OPTICAL CONVENTION OF 1905. 
By JOHN P. LORD. | 


F the Optical Convention of 

1905, opened on the last day 

of May, ѕићсеѕ to impress 

on the scientific public the 

fact that all branches of 

optical manufacture are re- 

ceiving due attention. from 

firms in this country, it will have fulfilled its 
mission, Years ago there may have been 
some truth in the jibe that in. England we 
cannot make optical instruments ; to-day 
such a statement is utterly untrue. In 
certain laboratories and teaching establish- 
ments instruments of foreign make are still 
used; but such preference 15 simply the 
result of ignorance on the part of persons 
who have long been satisfied with the pro- 
ducts of a few foreign firms, and have not 
troubled to enquire whether equally good or 
better instruments are not made by our own 


workmen. If the Optical Convention serves 
to draw the attention of the public to the 
present state of the optical industry in the 
United Kingdom, it will have done great 
good to the cause of science, and will have 
helped to remove one of the great stumbling 
blocks which have long stood in the way of 
our enterprising manufacturers. Given en- 
couragement, our English workmen can 
produce articles in every way comparable 
with the best products of foreign workshops. 
' Taken as a whole, the Optical Convention 
may be said to be thoroughly representative 
of our best English opticians and of their 
work; here and there we miss exhibits by 
familiar firms, but the catalogue contains 
accounts of the latest developments in the 
branches of optical science for which these 
firms are famous, and, with remarkable 
generosity, no secrets have been withheld. 


The Optical Convention of 1905 


It would be foolish if I pretended to any 
finality in my selections from the mass of 
exhibits. АП cannot be mentioned; some 
must. I have simply selected and described 
the articles in each section which specially 
attracted my attention. At this point I wish 
to gratefully acknowledge the kindly courtesy 
of the exhibitors who have supplied me with 
details whenever requested, and of the organ- 
ising staff of the Convention for their 
willingness to make the task before me as 
easy as possible. 

No one will deny that the last twenty 
years has seen a wonderful advance in optics. 
This advance has progressed along two 
parallel lines; while the theorist, with paper 
and pencil, has made elaborate calculations 
and has freely given to the world the products 
of his brains, the practical manu- 
facturer has spared no expense in 
keeping up with the progress 
effected in the study and labora- 
tory. Design and calculation have 
been readily followed by improved 
methods of manufacture and by 
the use of superior materials. 

In a short article like the pre- 
sent it is quite impossible to make 
mention of the theoretical advance 
in optics which has taken place in 
recent years. I propose, there- 
fore, simply to mention the in- 
struments which have formed the 
practical outcome of this advance. 

First and foremost comes the 
glass of which the essential parts 
of so many instruments of pre- 
cision are made. To the ordinary 
man, all specimens of glass are 
alike ; to the optician, no two meltings are ex- 
actly similar. Abbe and Schott, subsidised by 
the Prussian Government, produced glasses 
which have practically revolutionised optics ; 
one must not, however, jump to the conclusion 
that the superior glasses, known familiarly as 
Jena glasses, can only be obtained from 
Germany. Messrs. Chance Brothers and Co., 
Ltd., of Birmingham, now actually produce 
almost every variety of Jena glass required 
by opticians ; and I am informed that in the 
near future every known species of glass will 
be made in England if only British opticians 
will patronise the industries of their own 
country. Quite recently Messrs. Chance 
have produced four new species of optical 
glass, one with a coefficient of dispersion as 
low as 0°00770, and another, a boro-silicate 
flint, with a coefficient of dispersion of 
o'or187 ; the latter is the first boro-silicate 
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flint, of equal quality, produced in England. 
Further, the boro-silicate crowns of this firm 
are quite remarkable for their transparency 
and freedom from colour. 

The “turned” spheres of Messrs. James 
Powell and Sons, and the sets of lenses of 
Aitchison and Co., both of London, are also 
worthy of examination by all interested in 
this branch of optics. 

Those who like to “see how a thing is 
made" will be interested in the exhibit of 
Messrs. George Culver, Ltd., of White Lion- 
street, N. The chief interest in this exhibit 
lies in the fact that hitherto it has been 
commonly stated that no optician in England 
can work cylindrical lenses, and accordingly 
the trade has obtained its cylindrical lenses 
from abroad. Messrs. Culver show the tools 
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Fic. 1.— THE NAVIGRAPH. 


with which they grind cylindrical lenses of 
any desired radius, and photographs of their 
works prove that in London cylindrical lenses 
are made daily. 

The quartz fibres shown by the Cambridge 
Scientific Instrument Co., and manufactured 
after the method devised by Mr. C. V. Boys, 
F.R.S., are of great interest. ‘The quartz is 
fused, and then a drop is drawn out by means 
of a light arrow fired from a cross-bow. 

With regard to prisms, the exhibits of 
R. and J. Beck, of Cornhill, and A. Hilger, 
of Camden-road, are interesting, showing, as 
they do, wonderful accuracy of workmanship 
and great appreciation of the peculiar quali- 
ties of the glasses employed. From these 
we turn to Lord Blythwood's exhibit of dif- 
fraction gratings, ruled on speculum metal, 
with 14,400 lines to the inch. ‘The 
spectra obtained by their use are beauti- 
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fully clear and wonderfully free from foreign 
colour. 

Few can afford to purchase first-class 
telescopes—in fact, the sale for good tele- 
scopes 15 so limited that one wonders how it 
is that our English opticians can afford to 
make such magnificent instruments. The 
section devoted to this branch of optics is 
unfortunately very incomplete, for naturally 
manufacturers do not keep a stock of first- 
class instruments on hand. Some beautiful 
astronomical instruments have been made 
by several of our leading firms, and are 
mentioned in the catalogue ; but as some of 
these are at Cape Town and others at the 
observatory of the Government of India at 
Kodaikanal, Madura, India, they are not 
available to the ordinary public. Of the 
Indian instruments I can speak with authority, 
for I know the Kodaikanal Observatory well. 
The new instruments there have been 


amateur observer will find admirable and 
inexpensive. Most ingenious is the electric 
commutator which accelerates or retards the 
clock, and so gives a great range of freedom 
in the slow motion in R.A. This instru- 
ment has many of its parts constructed out 
of “ magnalium," which gives rigidity without 
weight: the entire design marks an advance 
in the right direction. Practical astronomers 
will greatly appreciate its many devices which 
conduce to accuracy and comfort. 

I may also mention an equatorial with a 
3-inch object glass, made by Messrs. Watson, 
of Holborn. It is a thoroughly practical 
instrument with all the necessary motions, 
operated by Hooke's handles, and with 
clamps, and so forth. Those who desire a 
useful equatorial at a moderate price will 
find that this instrument will meet their 
needs. 

I cannot say whether the “ navigraph,” 
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supplied by the Cambridge Scientific Instru- 
ment Company, Limited, and are examples 
of perfect workmanship. Their spectrohelio- 
graph, which is an instrument designed for 
obtaining photographs of the curious pro- 
tuberances on the sun, using monochromatic 
light of any desired wave length, is a master- 
piece of design and construction. This 
branch of solar physics is comparatively new, 
and requires instruments of the highest 
perfection. I believe that the observatory 
under the Rev. Fr. Frankelin, successor to 
Fr. De Peneranda, at St. Xavier's College, 
Calcutta, is the only other Indian observatory 
equipped with a spectroheliograph. 

The exhibits of Sir Howard Grubb, of 
Rathmines, Dublin, are admirable, and quite 
maintain the reputation which this veteran 
firm of opticians has acquired. — Passing over 
the more pretentious instruments, I shall only 
mention a portable equatorial telescope with 
a 5-inch aperture, and weighing only 77 lbs., 
which has just been constructed. This is a 
most handy instrument, and опе which the 


designed and made by Messrs. Hughes, of 
Fenchurch Street, is a novelty or not; 
certainly I have never seen one before, 
though I have some experience of instruments 
used in navigation. It is extremely ingenious 


.and should prove of great use to the skippers 


of coasting steamers, and of especial value to 
those who have to take ships round the 
Indian and Persian shores. By its use the 
position of the vessel is marked on the chart, 
and the “off shore danger angle," that 
safeguard of the modern mariner, can be 
determined and security ensured. 

While speaking of this phase of navigation I 
cannot forbear from mentioning the new station 
pointer made by Messrs. Negretti and Zambra. 
The “station pointer” is an instrument long 
known to the surveyor and occasionally found 
in the chart room of vessels, but it is not yet 
fully appreciated. By its use any observed 
angles can be laid down, and the position of 
a ship, or of the observer, determined on the 
chart in an instant. Hitherto the station 
pointer has been made of heavy brass, and 
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in practice it has often been found that the 
brass obscured the most important features 
on the chart, thus greatly diminishing the 
value of the instrument.  Messrs.'Negretti and 
Zambra make the circle of this instrument of 
transparent celluloid, so that the only objec- 
tion to its use is removed. The new form is 
perfectly stable, does not warp in high 
temperatures, and is most convenient to use. 
This improvement should do much to 
popularise this very handy tool, and I feel 
sure that if its worth were fully appreciated 
it would rank next to the sextant in every 
chart room. 

Of sextants, of course, there is no lack; 
but Messrs. Hicks, of Hatton Garden, have 
shown me one which has a unique record. 
After exhaustive tests at Kew it is certified 
that оп no point is there any error. 1 
record is a long list of “o”s. 


Fic. 3.— THE TACHEOMETER. 


The transition from navigation instruments 
to those used by the surveyor is a natural 
one, and in this connection theodolites must 
be mentioned. Baker’s tacheometer, or tele- 
metrical theodolite, is certainly a beautiful 
instrument. It embraces every known move- 
ment ; can measure any visible angle; is 
absolutely steady ; is strong ; and, considering 
its perfections, is inexpensive. Who that has 
used a theodolite does not know the annoy- 
ing parallax which obscures the best observa- 
tions and keeps one dodging one's head about 
behind the instrument, trying to get a fairly 
fixed “sight.” This minor trouble is entirely 
eliminated in the tacheometer devised by Mr. 
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Charles Baker, of High Holborn. The stadia 
lines are no longer composed of webs or en- 
graved on a disc of glass inserted in the eye- 
piece; theyare accurately engraved on the field 
lens of a Kellner eye-piece, and so the lines are 
clear, easily cleaned, and parallax is avoided. 
The eye lens has a focussing adjustment, 
showing up the stadia lines clearly. The 
telescope is an anallatic one and defines 
beautifully. The field is large and clear. 
The stadia lines are of constant value—a 
great advantage in practice. 

The instrument transits from the object 
glass end, making the unlocking of the V's 
unnecessary except in very special cases. 
Surveyors will do well to look at this per- 
fected form of the theodolite. One very 
minor point—who, that has used a theodolite, 
has not accidentally pulled out one of the 
reading microscopes on a cold morning, and 
found it very hard to replace? Provision is 
made in this tacheometer against this natural 
weakness. The microscopes, which magnify 
the clearly cut scales, cannot be drawn out 
of their tubes entirely, and so there is no 
fear of any accident happening. 

With regard to general surveying instru- 
ments, those interested will find the exhibits 
of Messrs. Stanley and Co., Ltd., well worth 
attention. The standard of excellence which 
this firm has long maintained is well demon- 
strated in their exhibits. ‘They are showing a 
very fine high-power tacheometrical theodolite, 
and also a solar attachment for theodolites, 
both of which are interesting and of value to 
surveyors. 

Among levels, Stanley's patent quick 
setting-up level is easily distinguishable, It 
is practical and speedy, and in these days of 
hustle, that means much. Not long ago, I 
saw one being used by a surveyor who was 
levelling on very uneven ground. He had a 
partner with him who was using the usual 
form, and it was the rapidity with which the 
user of the Stanley instrument got this into 
position that first drew my attention to it. 
The ball joint on which the level is mounted 
gives all the advantages of the Hoffmann 
head, and all the freedom of the three-screw 
mounting; with the tribrach system of 
mounting on which the ball is carried there 
is no position which cannot be attained. 
There is no continental instrument which 
can compare with this level. 

Among mining instruments one stands out 
clearly in my mind as I write. ‘This is an 
unpretentious, simple sort of tool, and at first 
glance would not seem to compare with the 
beautiful specimens of brass and magnalium 
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which the miner's dials present; but it is 
practical, and, after all, that is the great point. 
I refer to the Brunton-Pearse pocket mine 
transit, made by Messrs. Negretti and 
Zambra. It is the result of the combined 
experience of two well-known experts, and 
is simple and very portable, weighing under 
то ozs. The needle is steady, and the mirror 
arrangement fitted enables one to take the 
necessary sights and read the compass at the 
same time. Personally I should be inclined 
to think that this instrument, which is an 
alt-azimuth as well as a clinometer, should 
soon replace the,obsolete prismatic compass 
of the army officer. It is better, lighter, 
cheaper, and much more efficient. 

The same firm exhibits the best box 
sextant that I have ever handled. Anyone 
who has used a box sextant will tell you that 
there is always a feeling of insecurity while 
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Fic. 5.—THE Box SEXTANT. 


vertical and horizontal angles to degrees with 
unfailing accuracy, and it is not at all trying 
to the eyes to use. Of course, these are only 
for rough-and-ready surveys and for military 
work ; but they are a distinct acquisition to 
British optics and are well worth looking at. 
All the instruments which I have seen, made 
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FIG. 4.—THE BRUNTON-PEARSE MINE TRANSIT. 


holding the instrument with the left hand and 
moving the sector by means of the milled 
head with the right hand. In Negretti's box 
sextant the screw is placed nearer the edge 
than in the instruments of other makers, and 
it works so freely that both hands can be 
used to maintain the level of the instrument, 
while the milled head 1s moved by the second 
finger. The difference in comfort and in 
rapidity of working is enormous : all shake is 
gone, with its consequent strain on the eyes, 
and the readings are clear and can be made 
with accuracy. 

For pocket surveying instruments, none 
approaches in ingenuity those of Messrs. 
Hicks, of Hatton Garden. The famous 
“ Grubb levels" are really wonderful: a 
whole outfit can be carried in a coat pocket, 
and the work will be good at the end of the 
day. Very noteworthy is the little pocket 
surveying instrument, which is quite the 
clearest instrument to read that I have ever 
seen. It 15 about as large as a tobacco pipe, 
and of much the same shape, but it reads 


by this firm, are sound, beautifully finished, 
and accurate. | 

From surveying let us turn to meteorology. 
Here again we have the firm of Hicks in the 
foreground. They have several very won- 
derful aneroids on show— pocket instruments 
with the accuracy of standard barometers. 
Also they have a marvellous machine that is 
called a “meteorograph.” This 15 a light 
board which may be attached to a kite, and 
supports a circular card and one or two 
aluminium pens. One pen is attached to a 
simple human hair : this gives a record of the 
humidity of the air; another gives the tem- 
perature, and a third is operated by a very 
light aneroid, which records the barometric 
pressure at the aerial station. A clock 
records the time of each observation. 

For thermometers I shall not be accused 
of partiality if I again mention Negretti and 
Zambra. Their standard thermometers, of 
course, are on show, but these are in use in 
almost every English laboratory and observing 
station. Their latest deep sea thermometer, 
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Fic. 6.—THE ‘‘GRUBB” POCKET LEVEL, SHOWING APPEARANCE OF FIELD SEEN BY OBSERVER. 


however, demands special mention. It is so 
constructed that when it reaches the bottom 
of the sea it takes its record: the instant the 
observer begins to haul it up it is reversed, 
and thenceforth indicates the temperature at 
which it stood when it was reversed. A 
standard Fortin barometer, with an enlarged 
scale, made by the same firm, is also remark- 
able and representative of British industry. 

In microscope manufacture England stands 
first, in spite of the efforts of pathologists to 
magnify foreign instruments. You can buy a 
good lens abroad, everyone admits that, but 
for the best stand and condenser you must 
come to England. 

It is difficult to describe the exhibits in the 
microscopical section, because there is so 
much that is excellent that one might be 
accused of invidiousness; but I will simply 
speak of those articles which have especially 
attracted my attention. 

With the exception of a semi-apochromatic 
objective of one-twelfth of an inch focus, oil 
immersion, the celebrated firm of Powell and 
Lealand is not exhibiting much. The lens 
shown, however, is remarkable as having a 
numerical aperture of 1°40, and costs less 
than any foreign lens, of equal quality, with a 
numerical aperture of 1°30. In fact, at the 
price it is the finest lens on the market ; no 
optician will deny (ћаб. 

Messrs. Watson are showing some splendid 
instruments. First of all there is the “Уап 
Heurck," the instrument that the famous 
Belgian scientist had made for him as the ze 
plus ultra of microscope stands. To-day, 
with this model before them, all continental 
opticians have to admit that they cannot 
approach our English stands in accuracy, con- 
venience, and beauty of workmanship. And 
this is only one of the first-class stands which 
are at once the admiration and the despair of 
foreign microscope makers. 

Messrs. Baker, of Holborn, make an equally 
good stand, which they mention in the cata- 


logue but are not showing — their Nelson 
microscope. This is a first-class stand in 
every sense of the word, but I think I prefer 
the R.M.S. model which they are actually 
exhibiting. It is light but stable, is fitted 
with every modern improvement, including a 
fine adjustment to the sub-stage, and is a 
thoroughly practical instrument. 

Messrs. Watson have a series of their 


FIG. 7.—POCKET SURVEYING INSTRUMENT. 


famous “ Edinburgh student’s models” and 
one of their “ Royals.” All these are splen- 
did instruments, quite unapproached by any 
continental firm. Indeed, it is a wonder to 
me why teachers of bacteriology in our 
hospitals should adhere to indifferent instru- 
ments by continental makers, in preference 
to first-class microscopes made by English 
firms—prejudice, and prejudice alone, can 
account for this blind obstruction of scientific 
progress. 

Excellent models are shown by Messrs. R. 
and J. Beck, of Cornhill. They have long 
made useful instruments, but they seem to 
have a predilection for the continental stand, 
and though they do make several tripod in- 
struments, I am assured that they still find a 
readier sale for the old horseshoe foot. Ross’s 
instruments are practical, but again the foreign 
foot is to the fore. Messrs. Swift, of Totten- 
ham Court Road, make an excellent series, 
and would have shown them, but for the 
fact that large Government orders cleared 
their stock out just before the Convention 
opened. 

Coming to cheaper_instruments, everybody 
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knows the “Star,” made by Messrs. Beck, 
and everybody should know the “ Fram” and 
the “Argus,” made by Watson. The “Fram” 
is the finest cheap microscope made by any 
firm, and on the continent it would be sold at 
nearly double its London price: all the 
accessories which go to make up a thoroughly 
excellent instrument can be added to it. 
Close on its heels follows the * Discovery " 
by Swift, and the various patterns of “ The 
London" by Beck. Mr. Baker's * D.P.H." 
is a higher grade of instrument: both patterns 
as they stand are suitable for serious work, 
and require no additions. 

The advance of bacteriology and the 
necessity for blood examination has made a 
portable microscope a necessity to physicians; 
the very best pattern that has yet been pro- 
duced is shown by Mr. Charles Baker. It 
was originally exhibited at the Quekett Club, 
and was there eulogised by the President, a 
man of great experience. It is absolutely 
rigid, being the first light microscope for 
which this can be claimed. It is fitted with a 
perfect sub-stage with arrangements for cen- 
tring and focussing, and has a mechanical, 
stage which is simple but efficient. Its 
movements for focussing are smooth and very 
durable ; above all, it packs up into a space 
sufficiently small to enable an army doctor to 
carry it on his cross-belt. 

As to objectives, I should like to mention 
the holoscopic series made by Messrs. Watson. 
They are nominally achromatic, but in reality 
should be classed as semi-apochromatic. 
Their colour correction is so good, and the 
flatness of field so marked, that after com- 
paring them with the very best semi-apochro 
matics by the leading foreign firms, I am 
bound to extol them. This is exceptionally 
gratifying to us, especially as these lenses 
have been designed by one of our country- 
men, as well as made by English workmen. 
Messrs. Baker make one or two exceptional 
lenses which should stand by themselves, the 
nost notable, perhaps, being their 1/8 with 
an n.a. of 0* 94, and their oil immersion 1/12, 
with an n.a. of 1°30. Both of these com- 
pare favourably with any foreign lens of equal 
angle. 

‚ With regard to accessories to the microscope 
there is little really new. Messrs. Beck are 
showing a very useful optical bench, which 
enables one to arrange the microscope for 
monochromatic light with great precision ; 
and both Messrs. Baker and Watson exhibit 
benches for photo-micrography which are 
thoroughly practical, and quite equal, if not 
superior, to anything made on the continent. 
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With regard to microtomes, several good 
instruments are exhibited. The Cambridge 
Rocking Microtome, made by the Cambridge 
Scientific Instrument Company, is well known. 
Messrs. R. and J. Beck exhibit the Delépine 
Microtome, made according to instructions of 
Professor Delépine, who has used the instru- 
ment in his laboratory for several years. This 
microtome may be used for cutting tissues 
imbedded in paraffin wax or in celloidin, and 
is specially intended for cutting sections of 
frozen tissues, imbedded or not imbedded in 
celloidin. It is characterised by extreme 
rigidity, both of the razor and of the object 
cut; by the simplicity and delicacy of the 
mechanism for raising the object holder; and 
by the rapidity with which large numbers of 
sections can be cut. It can be provided with 
a special ether box and a СО, freezing 
chamber for maintaining frozen sections at a 
low temperature. The section is only raised 
after the knife has been withdrawn. 

Last comes photography. Amongst photo- 
graphers there are as many opinions as there 
are men, and so I will only venture to point 
out one or two articles which strike me as 
being of exceptional interest. Messrs. Dall- - 
meyer make a very excellent telephotographic 
lens, which is moderate in price, and gives 
the amateur who wishes to take up this very 
delightful branch of photography a chance of 
doing good work. The “ Adon” lens, made 
by the same firm, is well worthy of mention. 
The homocentric lenses, made by Messrs. 
Ross, are also remarkable: each consists of 
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Fic. 8. —DELÉPINE MICROTOME. 


four single meniscus lenses, and has ample 
space for shutters. The point that strikes 
one most about them is their power of 
covering the plate sharply right up to the ex- 
treme edge. ‘The “ holostigmat-convertible ” 
of Messrs. Watson isa lens which all who are 
interested in this branch of optics should see. 

Of instruments, cameras, and so forth, 
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there is no end; and I should 
not be acting wisely if I 
mentioned any of them. All 
are good specimens of British 
handicraft ; but, after all, that 
branch belongs more to the 
cabinet - maker than to the 
optician, and so I may be /f 
excused if I do not deal with ^ 
them here. 

To one who is interested in 
the progress of British manu- 
factures, the Optical Conven- 
tion of 1905 is peculiarly important. Itisa 
vindication of the fact that when proper time 
is given the British manufacturer can show 
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workmanship equal to any pro- 
duced on the Continent. No 
one understanding the diffi- 
culties in the way of the British 
optician could attend this Con- 
vention without feeling proud 
that his countrymen have pro- 
duced a show which would do 
credit to any State-subsidised 
body of scientists, and without 
feeling that whatever may be 
the cheap jibes cast at Britain, 
her sons can produce, and 
daily do produce, scientific instruments which 
will bear comparison with the best our 
competitors can show us. 


A Treatise on the Analytical Dynamics of Particles ~ Klein, Hertz, Lorentz, Poincaré, Siacci, Bruns, 


and Rigid Bodies ; with an Introduction to the 
Problem of Three Bodies. By E. T. Whittaker, M.A., 
Fellow and Lecturer of Trinity College, Cambridge. 
pp. xiv. + 414. (Cambridge: University Press ; and 
London: C. J. Clay & Sons, 1904). Price 125. 64. net. 

In writing this book the author has aimed at 
setting forth, as completely as limitations of 
space would permit, the analytical theory of the 
motion ofthose dynamical systems which possess 
a finite number of degrees of freedom. In the 
early chapters the treatment of the‘subject is of 
a fairly elementary character—elementary, that 
is, to one possessing a competent knowledge of 
the Higher Mathematics and a good general 
acquaintance with the principles of Dynamics. 
The reader who conscientiously follows up the 
development of the subject, as presented by the 
author, is brought into close touch with those 
views of theoretical Dynamics which have 
become prominent in recent years. It has been 
customary, in the past, to divide Dynamics into 
two sections—the Dynamics of a Particle, and 
the Dynamics of a Rigid Body; and these 
branches have generally been discussed in 
separate volumes. There is, however, consider- 
able advantage to the reader in the method 
adopted by Mr. Whittaker, who treats of both 
these branches in a single volume, and shows 
the mutual interdependence between them. 
Preference is shown for general methods of 
solution as distinguished from those special 
artifices which are uscful only for small groups 
of problems. 

A large proportion of the subject-matter of 
this book has hitherto been accessible only in 
scattered memoirs by various investigators, 
among whom may be mentioned Lie, Rayleigh, 


Boltzmann, Larmor, Greenhill, Appell, Painlevé, 
Stákel, and Levi-Civita ; in giving a connected 
account of these investigations, the author has 
achieved a most difficult and yet useful task in 
an admirable manner, and those who are com- 
petent to follow him in his treatment of the 
subject cannot but feel deeply grateful. The 
following is the order in which the subject is 
developed in successive chapters :—Kinemati- 
cal Preliminaries; The Equations of Motion; 
Principles Available for Integrations ; Soluble 
Problems of the Dynamics of a Particle; 
Dynamical Specification of Bodies; Soluble 
Problems in Rigid Dynamics; Theory of Vi- 
brations; Non-Holonomic Systems and Dissi- 
pative Systems; The Principles of Hamilton 
and Gauss; Hamilton Systems and their In- 
tegral-Invariants; Transformation Theory of 
Dynamics; Properties of {nteyrals of Dynamical 
Systems ; Reduction of the Problem of Three 
Bodies; Theorems of Bruns and Poincaré; 
General Theory of Orbits; Integration by 
Trigonometric Series. The principles explained 
in each chapter are illustrated by worked prob- 
lems, and numerous problems to be solved by 
the reader are appended. 


By C. E. 
(London : 


Electro-Magnetic Theory of Light. 
Curry, Ph.D. Part I. pp. xvi + 400. 
Macmillan and Co, 1905). Price 125. net. 


Maxwell's Electro-Magnetic Theory of Light 
lends itself admirably to a development illustra- 
ting modern methods of mathematical analysis ; 
indeed, the temptation of an author writing on 
this subject is to lose sight, to a great extent, of 
the physical basis of the theory, and to need- 
lessly surround the subject with clouds of 
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symbols expressing the solution of differential 
equations. It is with regret that we have to 
confess that Dr. Curry has, in great measure, 
succumbed to temptation “I have," the author 
remarks in his preface, “‘ omitted a description 
of all experiments on the subject-matter treated, 
and have referred to empirical facts only where 
a comparison with the theoretical results has 
seemed of interest." Has seemed of interest ! 
The value of Maxwell’s theory is that it explains 
the most diverse physical phenomena in a con- 
nected manner; but the author of the book 
before us finds most interest in mathematical 
analysis, and so the physical phenomena are 
allowed to take care of themselves. Thus, on 
page 2, in discussing the corpuscular theory of 
light, we are told that “ particles [4.е., the sup- 
posed light corpuscles] travelling at such high 
velocities would impart an enormous momentum 
to the object on which they strike, and thus set 
it in motion ; but observations have failed to 


detect any such motion, even when the supposed | 


particles are brought to a focus on the given 
object by means of a lens or mirror.” We have 
failed to find any mention of the fact that, 
according to Maxwell’s theory, light exerts a 
definite pressure on objects on which it falls ; 
and a reference in a footnote, ** See, however, 
P. Lebedew : Untersuchungen ueber die Drück- 
krafte des Lichts, Drudi's Annalen 6, 1901, Vol. 
II., pp. 433-458," would hardly lead the reader 
to conclude that the pressure of light has been 
experimentally observed by Lebedew, and that 
Nichols and Hull, in a beautiful series of experi- 
ments, have found that this pressure agrees, 
within very narrow limits, with the value pre- 
dicted from theory. Further, we have been able 
to trace no mention of the result obtained by 
Poynting and Heaviside, relating to the trans- 
mission of energy by electro-magnetic waves ; 
of Lord Rayleigh’s investigations concerning 
the scattering of light by small particles; of 
theories explaining dispersion and its connec- 
tion with the absorption of a medium; and a 
reference to X-rays on p. 63 would lead the 
reader to suppose that these consist of waves in 
which the “oscillations do not, in general, take 
place at right angles to their direction of propa- 
gation,” while the accepted view is that X-rays 
consist of radiations differing from light chiefly 
in the fact that their wave-length is much 
smaller. Finally, no index has been added—a 
great defect in a volume which is intended to 
serve as a work of reference. 


Elementary Steam Engineering. Ву Н. W. 
Metcalfe, Engineer Commander, Royal Navy. 
pp. xiv. + 208, with 144 diagrams. (London: 


Longmans, Green and Co., 1905.) Price 7s. 64. net. 
` This book has been written for students in 
the position of the greater number of the cadets 
at Osborne, who, at the commencement of 
their studies, know scarcely anything about the 
fundamental principles of physics and mechanics, 
and whose powers of observing and recording 
their observations must be developed before an 
ordinary text-book can be read with advantage. 
For this purpose a better book than that before 
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us could scarcely be imagined ; the principles 
of kinematics and mechanics are illustrated 
from details of engines, and the student is taught 
to make drawings on squared paper—a most 
valuable acquisition. One can easily imagine 
the popularity of such a course of instruction 
if it were taken up at our public schools. 


The Telegraphists’ Guide to the Department and 
City and Guilds Examination in Telegraphy. By 
James Bell, A.I.E.E., and S. Wilson, A.M.I.E.E. 
Fifth edition (new impression). pp. xii. + 227. 
(London: S. Rentell and Co., Ltd., 1905.) Price 2s. 


This work has been written with the object of 
preparing students for the requirements of the 
technical examination imposed on telegraphists 
aspiring to superior appointments in the Govern- 
ment telegraph service. 


Jute and Linen Weaving. Part I.: Mechanism. 
By Thomas Woodhouse, Dundee Technical Institute, 
and Thomas Milne, Dunfermline Technical School. 


pp.xvi.4- 383. With 221 illustrations. (Manchester : 


mmott and Co., Ltd. ; and London : 118, Chancery 
Lane. 1904.) Price 10s. net, post free. 

This is certainly the most comprchensive 
work yet published on the mechanisin used in 
jute and linen weaving. "While it will prove of 
the greatest value to those engaged in the jute 
and linen trades, yet many portions will be of 
interest to all engaged in the textile industry. 
Every endeavour has been made to render the 
book as complete as possible. The writing is 
clear and concise, and the illustrations are in 
every respect admirable. This book should 
appeal not onlv to students, but also to practical 
men, who will find therein how much technical 
advantage can be derived from a systematic 
study of the theoretical side of their occupation. 


Introductory Mathematics. By К. B. Morgan, 
B.Litt., L.C.P. pp. vi. + 151, with 113 diagrams. 
(London: Blackie and Son, 1905.) Price 2s. 

This little volume deals with those elementary 
portions of algebra, geometry, and graphs which 
a boy ought to know before he can be said to 
have done more than obtain an introduction to 
mathematics. 


The Motor Manual. Compiled and Illustrated by 
the ‘Staff of ** Тһе Motor.” Seventh Edition. 
pp. 115, with 109 diagrams. (London: Temple 
Press, Ltd., 1905.) Price Is, net. 

This is a useful book, dealing in a popular 
but clear and helpful manner with the construc- 
tion, principles of working, and management of 
steam and petrol engines and electric motors, 
such as are used for cycles and cars. It contains 
a useful section devoted to repairs, a glossary 
of technical terms, and useful tables. 


Painters’ Oils, Colours, and Varnishes. Edited 
by Paul N. Hasluck. pp. 160, with 51 diagrams. 
(London : Cassell and Co., Ltd., 1905.) Price 2s. 


This 15 a book compiled from articles and 
general information previously published in the 
Building World, Considering its size, it con- 
tains a great amount of useful information, and 
it will doubtless be of service to those engaged 
in the oil and colour trade. 


Students wishing for the solution of problems, or assistance in their. scientific or technical studies, are invited 

fo consult the Editor by letter. Queries should be accompanied. by the name and address of the 

sender, together with a nom de plume for publication, Queries abtained from text-books or examination papers 

should be accompanied by particulars of the sources from which they are derived. Queries should reach us 

before the ТОГА of the month, to be answered in the next month's issue. Each inquirer is restricted to one 
query per month, 


SODIUM BISULPHITE.—What is the action of 
sodium  bisulphite on naphthylamine sulphonic 
acids ? 


The reaction mentioned by our correspondent 
15 a particular case of the application of an 
important property of bisulphites. It has recently 
been shown by Bucherer (Journal für Praktische 
Chemie, 1904, [n]. 69, 49, and Zettschrift für 
Farben-und Textil-Industrie, 1904, 3, 57) that 
compounds which contain an amino-group 
directly attached to ап aromatic (benzenoid) 
nucleus are altered when warmed with solutions 
of bisulphites, and when the products are hydro- 
lysed by mineral acids, sulphur dioxide is 
evolved and the amino-group of the original 
compound is found to have been replaced by 
a hydroxyl group. 

The reaction probably proceeds in the 
following stages :— 

R'NH, + 2NaHSO, = NH; + Na, 50, 
+ К'О'50О'ОН 
R:O:SO:OH + Н,О = R'OH + H,SO, 
[= H,O + SO,] 


The intermediate compounds thus appear to 
be the sulphurous acid esters of the phenols, 
and it is interesting to note that the foregoing 
reactions appear to be reversible, for when 
phenols are heated with ammonia and sulphurous 
acid (ammonium sulphite) the corresponding 
amino-compounds are obtained. The changes 
here may perhaps be expressed as follows :— 

R:OH + 2(NH,) HSO, = RO. SO:OH 
+ (NH,), SO; 
R:O:SO:'OH + 2 МН, = R'NH,. 
+ (NH,) HSO,. 


FULMINATES.—Discuss the constitution of ful- 
minic acid and the fulminates ? 


The fulminates are derived from an acid 
having the same empirical formula as cyanic 
acid, HOCN; the acid is scarcely known in 
the free state, but resembles hydrocyanic acid 
in its odour, and, like that substance, is ex- 
ceedingly poisonous. 

By the action of strong hydrochloric acid 
upon the salts of fulminates, an addition 
product appears to be produced in the first 
instance, so that salts of a new acid having 
the formula HC CI NOH are produced. This 
acid may be obtained in well-formed crystals, 
is closely related to the fulminates as they may 
be regenerated from the new acid by the action 
of bases in aqueous solution, but is converted 


by warm hydrochloric acid into formic acid and 
hydroxylamine hydrochloride. 


HCCINOH+2H,0 = HCO,H+NH,OH ‘HCI. 


The last-mentioned reaction immediately 
suggests that the chlorine containing acid has 
the constitution of an oxime, and if so it must 
contain the group : C = N'OH, which leaves 
for the chloro-acid the only likely formula 
Hel NE | 
a7 © = N'OH, which represents it as the 


HN, 


oxime of formyl chloride күз С = О, a sug- 


gestion apparently confirmed by its action on 
aniline, which results in the production of 
phenylisouretin. 


HC(NO):Cl + NH,'Ph= НСІ + 
HC (NOH): МН РЬ. 

Since, then, the fulminates appear so closely 
related to formylchloride oxime, and afford it by 
the addition of hydrogen chloride, the simplest 
view which may be taken as to the constitution 
of fulminic acid is evidently С: N* OH, in which 
a carbon atom is assumed to be divalent—the 
substance is, in fact, assumed to be the oxime 
of carbon monoxide. (Compare the answer on 
carbon monoxide given in the last number ) 

On this assumption the conversion of a 
fulminate into formylchloride oxime may be 
represented as follows :— 


C:N-O-Ag + HCl 27. SC: N-O-A 
: g t Tc : g 


Им. 
C:N:O'Ag + НС! 
с B 


LH с:мон + AgCl. 
с 


STEREOCHEMISTRY.—Give an account of the 
stereochemistry of compounds of nitrogen, sulphur, 
tin, and silicon and lead (if anything is known 
about it). 


Compounds of tervalent nitrogen are not 
known in enantiomorphous forms, but certain 
cases of isomerism, suspected to be due to 

eculiarities of the tervalent nitrogen atom, 
ee been detected. Such cases are very rare 
where the nitrogen atom is singly bound to 
three different atoms or groups, and are here 
possibly capable of an interpretation not in- 
volving any supposed peculiarity of the nitrogen 
atom. 
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Cases of isomerism arc frequent where а 
nitrogen atom is attached by two of its * bonds ” 
to another atom or group, a condition we may 


rcpresent as X > N — Y, and includes those 


compounds (а) in which the tervalent atom 
forms part of a closed chain, and (4) in which 
the atom is doubly bound to one other atom. 

Isomerism, which may be referred to type (a), 
appears to exist in the following instances. 
Сопипе (isomeric with zsoconiine), stilbazoline 
and zsostilbazoline, tropine and y-tropine. In 
the last instance, both. compounds are inactive, 
and it seems very clear that the isomerism 15 
an effect due to the tervalent nitrogen atom ; 
the formula of tropine is 


CH,—CH——CH, 


| | 
МСН, СНОМ 


| | 
CH,—CH——-CH, 


Types of isomerism which belong to class (b) 
are found among the ketoximes, the hydrazones 
and diazo-compounds. Oximes of the type 


NOH :C <i are found in one form only, but 
а 
oximes obtained from nonsymmetrical ketones 
are often found in two. Hantsch and Werner 
assume that in these cases the third nitrogen 
“bond” does not Пе in the same plane as the 
other two, and represent the isomers by means 
of the formulae 
а`С'6 
| апа | 
HO'N N'OH 


an hypothesis which can at once be extended 
to hydrazones. The isomerism of the diazo- 
compounds (zo/ diazoniuin salts) may be ex- 
plained in a similar manner, and the “ syn ” and 
“ані? diazocyanides, for example, are usually 
formulated thus :— 
Ph*N 
| and | 
N'N N'CN 

In compounds of quinquivalent nitrogen, 
isemerism is not known in the type Naaaó x. 
In the type Naaó?cX cases of very unstable 
isomerism, perhaps due merely to dimorphism 
in the crystalline state, have been detected, but 
in general only one form can be detected when 
no asymmetric carbon atom is present. 
Definite results are obtained only when the 
nitrogen is wholly “asymmetric,” a condition 
represented by the formula Naécd X. Wedekind 
obtained two inactive modifications of phenyl- 
benzyl-allyl-methvl-ammonium iodide, and one 
of these Pope and l'eachey succeeded in resolving 
into two enantiomorphous forms by the aid of 
silver bromocamphorsulphonate, which afforded 
two salts d-base-d-acid and ¢-base-d-acid from 
which, by the action of potassium iodide, the 
enantiomorphous active iodides were subse- 
quently obtained, and these have equal but 
opposite effects on the plane of polarisation of 
light. Other similar cases have since been 


a' Có 


Ph: N 
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investigated, partly with positive and partly 
with negative results. It is vet too early to 
state definitely what configuration may be 
assigned to the compounds of quinquivalent 
nitrogen, but the results hitherto obtained 
suggest a “pyramidal” or “double tetrahedron” 
form as the most probable. 

Sulphur.—Attempts to obtain direct evidence 
as to the configuration of sulphur compounds 
previous to the year 1900 give ambiguous 
results ; Pope and Peachey, however, succeeding 
finally in obtaining an optically active substance 
which owed its properties to the presence of 
a sulphur atom attached to four ditferent groups ; 
this substance was a d methylethylthetine platini- 
chloride 

CH, _7 CH,’ CO,H 
2 p S NE , PtCl, 
Cl CH; 


and was obtained by subjecting to careful 
fractional crystallisation methylethylthetine 
d-camphorsulphonate and then, from the most 
sparingly soluble part, preparing the platini- 
chloride of the contained base. In the same 
year, Smiles obtained an optically active methyl- 
ethylphenacyl-sulphine picrate 


CH, : CH, CO' CH, 
C,H,7  ~+0°C,H,(NO,), 


by а similar process. These observations prove 
conclusively that the four groups attached to a 
quadrivalent sulphur atom do not lie in one plane. 

/in.—Pope and Peachey prepared methyl- 

CT CH; A 06H; 

ethyl-4-propyl tin iodide 5 

yi-4-propy С.Н, pd E 
and in 1900 announced that they had succeeded 
in obtaining from it ¢-methyl-ethyl-#-propyl tin 
d-camphorsulphonate, and from an aqueous 
solution of this, an addition of potassium iodide, 
d-methyl-ethyl-4-propyl tin iodide separated as 
а faintly yellow oil which was sometimes 
optically active and sometimes inactive, a 
behaviour attributed by the authors to racemisa- 
tion; some months later they found that the 
d-camphor-sulphonate itself underwent racemisa- 
tion in aqueous solution. The existence ot 
optically active compounds of quadrivalent tin 
shows that these compounds have a space 
configuration of the tetrahedral type long 
recognised in carbon compounds and since 
established in the cases of quadrivalent sulphur 
and tellurium compounds. 

No definite experimental evidence on the 
question of the space relationship of silicon or 
lead compounds has as yet been obtained. 


RADII OF GYRATION. —]f two systems of mass 
lying in & plane have the same centre of mass and 
the same radii of gyration about three different 
lines in the plane, prove that they have the same 
radii of gyration about every line. Hence prove 
that when calculating the radius of gyration of a 
triangular area (or uniform plate), we may replace 
the triangle by three equal particles at the middle 
points of the side. — London B.Sc., 1904. 


The radius of gvration of any system of masses 
about any given line being known, the radius of 
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gyration about a parallel axis through the mass 
centre can be calculated when the distance 4 
between the M.C. and the line is known; in 
symbols 

kR = А% + d’. 
Hence the radii of gyration for all parallel 
axes can be calculated. 

In Fig. 1, О is the M.C,, P is any point in 
the plane having a mass nt concentrated there, 
O.r and Oy are L” axes about which the spin- 

radii are A, and &,, while гапа y are coordinates 

of P with reference to Or and Oy. If OM 
be any line through O making an angle @ with 
Ox, the moment of inertia of » about OM is 
mPM?, and thence the moment of inertia of the 
whole system of masses about OM is 


| = 2PM? 
= Zi y cos — x sin 6) 
= E(x? sin? 0 + y? соѕ 0 — 2xysin Ө. соз 6). 
P 
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If А denote spin-radius about OM, and M 15 
the total mass, 


MÆ = 51020. М? --cos*0.M&,? —2cosÓsinO.Zuray, 
or 
Å? = k*, sin? Ó +4,? cos? 0—2 cos дѕіп 8 ud 
Evidently if the system of masses has an axis 


of right symmetry, and this be taken as the 
axis of y, then 

Ziuxy = о, and 4° = А, sin? 0 + Z7, cos? 0. 

In any case, 2? can be calculated when 0 is 
known. 

Now sct off along OM a length OQ = > (say), 
so that л = c, where c is any convenient length, 
and do this for a number of different positions 
of OM ; the locus of Q will be a curve whose 
equation 15 

" ; "D | -a Inx 
c =? sin?h k +7? со520:2— 27? cos Ósin ны 
4 


= М, B PR — 2гу SLM. 


This represents an ellipse, for > is always finite. 

If the ellipse be supposed drawn, then the & 
about any line may be found by measuring 7, 
the radius vector, and using the formula 


И] 
- 


k=“ 
2) 
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Obviously, if we had chosen our axes as axes 
of the ellipse, the equation would have assumed 
the simple form 


сё = k? + yg 
If we know the Z's for three lines through 
the M.C., and set off the three corresponding 


points Q by aid of the equation 7 = "a have 


three points on the ellipse, and its centre. But 
three points and the centre completely determine 
an ellipse, the curve can be constructed, and the 
Ё for any line found, 

Given, then, that two systems of masses have 
the same 4’s for three lines, they must have (if 
с be chosen the same in both cases) the same 
ellipse, called the momental ellipse, and therefore 
their Z's must be the same for all axes. 

The 4? for a triangular area about a line 
through its vertex parallel to the base is easily 
proved to be 5 /* where 2 is the altitude of the 
triangle. Again, for three equal masses at the 
mid-points of the sides, 4? about the same line 
Is given by 


gmk = тр? + mË. Tom л 
4 4” 

2 

T 


2 

Hence for the three lines through the vertices 
of the triangle parallel respectively to the 
opposite sides, the spin radii for the triangle 
and for the three equal mass particles at the 
mid-points of the sides are the same. Ву the 
preceding investigation, then, the momental 
ellipse must be the same for the two systems, and 
hence the spin-radii must be the same for all axes. 
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GEOMETRY OF THREE DIMENSIONS. —A solid 15 
bounded by any surfaces, plane ог curved. Two 
figures built up of prisms are now constructed such 
that one figure includes and the other Is /ncluded by 
the given solid. Prove that these figures have a 
eommon limiting value when the number of prisms 
is infinitely great, and further, that the value is 
unique. 


sa essential point is omitted in this enuncia- 
tion, viz., that at least one point on each end 
face of each prism is a point on the surface of 
the given solid. The proviso that the prisms 
must fit one another, so that no space is left 
between them, is perhaps too obvious to mention. 
Otherwise, there is nothing to limit the length 
of the prisms in the first case, or their shortness 
in the second case. To render the argument 
clearer, suppose the prisms, in the including 
fipure, have all the same cross-sectional area А, 
then if 4,7, 7, . . . be the lengths of the prisms, 
the volume may be represented by ХАА = AZ. 

Let A, 4, . . . be the greatest lengths of the 
edges of the prisms projecting outside the giver 
solid, at one end of the prisms, and $, 4, . . 
the corresponding maximum lengths projecting 
at the other ends. Then the volume ot the 
prisms outside the piven solid is clearly less than 
ZA(ÁA + $), Le, KAZAA + 4). 

Hence, volume of solid «АХИ. 

Ap – Sih + &)}. 
4 E 
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As the number of prisms increases, А 
diminishes and 2/ increases, the product A27 
remaining finite, while each A and & gets less 
and less. 


In the ratio we know that its value 


3(4 + E) 
z/ 
lies somewhere between the greatest and least 
А-+Ё 


value of (proved in any algebra), but 


when the number of prisms is infinitely large, 
/ is finite and Å + $ vanishes. 

Hence, in the limit C vanishes, and the 
volume of the solid lies somewhere between the 
limiting value n d and the limiting value of 

(A + | 
A234 fı 3] |. 

But we have just scen that these have the 
same limiting value, and the volume of the solid 
is therefore limiting value of AZ/ 

For the included prism figure, if B denote the 
common cross-section of the prisms, », #t, . . . 
their lengths, 4,7, . . . Ji, Jo.» . themaximum 
lengths of prisms between the ends and the given 
solids! surface, then 

Volume of given solid >B” 

: <<В{> + (i + 7)). 

We can casily show, as before, that when the 
number of prisms becomes infinitely large, both 
these expressions have the same value, vz., the 
volume of the solid. 

Hence, both the including and included prism 
volumes have a common limiting value which is 
the volume of the solid. The common limiting 
value is therefore unique, and independent of the 
particular shaped prisms originally chosen. 


FLUID PRESSURE.— The particles of а given mass 
of homogeneous liquid at rest attract each other 
according to the law of nature: find the pressure 
at any point. (It is the treatment of the infinite 
number of centres that is the puzzle).— Aesant’s 
Zlydromechanics, Ex. II., 3. 

The fundamental pressure equation in hydro- 
statics 15 

dp = p (X dx + Y dy + Z dz) 
where p is the density and. X, Y, Z are the com- 
ponents, parallel to the axes, of the forces per 
unit mass acting at л, у, 2. 

The force per unit mass at P (2, у, 2), due to 

a mass dm at A (a, B, y) 15 

. am 

» r? 
where G is the constant of gravitation and 7 is 
the distance between the points A and P, the 
force having the sense from P to A. 

The component of this force || to the axis 
of x 15 

С dm (a — x) 


Hence, taking account of all the attracting 
masses, 


кесш E cu 
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But 7? = (a — х) + (8 — yf + (y - 2%). 
Hence 
rdr = — ((a— x) dx + (B — y) dy + (y – ғ) dz} 
and d$ = — Gp poe 
The fluid being homogeneous, the mass per 


unit volume at any point is independent of 
7, and therefore 


Р 


I 
| 
Q 
© 
M 
a 

„ # 

Mme 
| 
+ 
2 


—Gpz —+C; 
r 


The constant C being determined when we 
know the pressure at the free surface. 


24" is the potential at P due to all the 
surrounding fluid. 

Since the fluid is at rest, we may from con- 
siderations of symmetry assume the mass to be 
spherical in form. Required, then, the value of 


"dm 
: r 


for a given point within a spherical mass. 

Let O be the centre of the sphere, c the dis- 
tance of P from O, R the distance of A from O ; 
then, since all the mass on the circle of inter- 
section of spherc of radius R and plane through 
A 1" to c is at the same distance from P, 
we may take 

Z dm for the circle = p27 RsinÓ 2R.R 206; 

and 7? = с + R? 2с R cos б. 
Hence 


dm _ r R?sin 0 40 dR 
yo Pj Jo E+ R= 22 К cosó 


where a is the radius of the sphere. 
Integrating first with regard to б, we notice 
that 2c R sin 040 = d (e + К? — 2с R cos Ө). 
And hence, 


f am amp f. a R [JEER acR cose] dR. 
о ; 


In taking the limits we must be careful to 


—" 3» 
L 
P 


" 
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h 
h 
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take the square root correctly. For 0 = п we 
have y+ К+ xR.. =C +R; but for 0 =о 


МС + R? — 2cR may be either C — Ror R - C, 
according as C> or < К. Hence, we must 
take the second integration in two parts—one 
from O to c, and one from c to a, and 


"d л 
| Ын = arp [ еке) dR. 
PES 


r 


R S 
+ 27р [“ 7(¢+R-R-oOaR. 
eC . 


2mp p Е + (a? -— 2} 


ә 


= 2тр(а%— 1 £s 
3 
Returning to the pressure equation, we have 
ф = 2т Gp? (а?— ; с?) + С. 
If the free surface is one of zero pressure, 


o= Gp а? + с 
апа = тС (a? — с?). 


As regards the infinite number of centres, it 
is true they exist ; butto find the pressure at any 
one point, all we require is the force per unit 
mass acting there, and we have only to consider 
that one point as the centre of forces. The 
force-pressure equation, which was the starting- 
point, gives the relation between the pressure 
and the forces acting at any point ; it only de- 
pends on other forces inasmuch as they help to 
determine the pressure. 


VIBRATION. —Determine the stress in the neck of 
the crankshaft of a high-speed engine, due to 
gyrostatic action, when (owing to excessive vibra- 
tion) the plane of rotation of the flywheel is 
displaced through a given angle. The problem 
. has arisen in the course of practical work. Owing 
to a badly equipped test house, I am frequently 
obliged to test large high-speed electric lighting 
engines (up to 900 E.H.P.) on a small testing bed, 
which is quite unsuited for the work. The engines 
have usually to be run before the arrival of the 
generators. Owing to the small testing bed, the 
vibration is very severe, and causes the plane of 
rotation of the flywheel to oscillate very consider- 
ably. I have frequently (in bad cases) shut an 
engine down, fearing an accident, and not being 
able to calculate the stress produced in the neck 
of the crankshaft. 


If the plane of rotation of a flywheel be 
displaced about any axis, the stress produced 
in the shaft by gyrostatic action may be calcu- 
lated as follows, Let 


1 = moment of inertia of wheel about its axis 


of rotation, vzz., the shaft. 
w, = angular velocity of wheel about the above 
2r x R.P.M. 
бо 


w = angular velocity of displacement of plane 
of rotation. 


AXIS, 4.е., 
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Then the gyrostatic action produces a twisting 
moment of magnitude I, about the diameter 
of the wheel, acting in a plane perpendicular to 
those in which e, and e are measured (vide 
TECHNICS, September, 1904, p. 227). 

Where the plane of rotation has a periodic 
motion, as in the case of movement through an 
angle 6 on either side of its mean position by 
reason of engine vibrations, the actual motion 
may be somewhat complicated; but for all 
practical purposes it may be regarded as a 
simple harmonic movement. The greatest 
value of o is then given by 


@ = 27740 


where z is the number of complete to-and-fro 
oscillations per second. 

Substituting the values of о and œ, the 
maximum twisting moment is then 


(2т)#М 1л@ 


where N = revolutions per second made by 
wheel. 

This moment applied to the crankshaft at 
the wheel boss is opposed by an equal and 
opposite one at the nearest section of the shaft 
prevented from bending, Ze, a short distance 
within the brass of the bearing next the wheel 
boss. The length of shaft between these two 
points is then under a pure bending stress of 
moment 47?N 1/0. 

For a circular shaft of radius ғ, the maximum 


stress f 15 given by equating f to s x (bending 
m 


moment), or in this instance 
_ I6 NInÓ 


z 


As an illustration of the above relations, the 
wheel represented in Fig. 1 may be con- 
sidered, the revolutions being 300 per minute, 
and the oscillations taken as synchronous with 


them, so that м = 5. Then 

I of web 

_ Weight in pounds , К^ 200, ‘84 _ 2°63. 
32 2 32 2 

I of rim 

_ Weight in pounds | Ry’+R,"_ 592 | 2'4_ 4.8 
32 2 32 2 


I. of entire wheel = 2°63 + 22:8 = 25'43 pound-feet. 
— 305 pound-inches. 


g = `875 — `125 59:935. 
30 
T.M. = B.M. = 4n? x 5 x 305 x 5 x '025 = 7550, 
and if the diameter of shaft be taken as 
3 inches, 
Je 4 cm = 2840. 
т1'$ 
Now it is in the highest degree improbable 
that the lateral oscillation of the wheel would 
exceed its vertical motion with a vibrating 
vertical engine; and the force required to 
produce the translatory acceleration, in general, 
produces a far greater stress than any gyrostatic 
action, 
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Assuming the wheel to oscillate up and down 
with a throw of 2 of an inch above and below 
the mean position, the accelerating force at the 
extreme positions is given by 


Weight in pounds 


dx 


- (27n)? x throw ; 
in this case 

792. ЕСЕ 

32 (тот) г. 1530 pounds, 


and ifthe distance from the centre of the width 
of wheel to the point of support in the bearing 
brass be taken as small as 5 inches (in the 
writers experience, the point of support is 
regarded for purposes of calculation as one- 
third the length of bearing in from the end), the 
bending moment becomes 1530 x 5 = 7650 


——— eee  — ee oe 


‘в 


mods 
| 


Fic. 1. —VIBRATION. 


pound-inches, or, in all, with the moment due 
to the dead weight of the wheel, 11,600 pound- 
inches. 

Comparing, then, the 7550 due to the 
gyrostatic action with the 7650 due to the 
reciprocating motion, and having regard to 
the fact that, with a vertical engine, almost all 
the former stress will be exerted horizontally 
from front to back of the engine or vice versá, 
and is thus straining chiefly that part of the 
shafts metal which is least strained otherwise, 
it is evident that the gyrostatic stress may 
usually be omitted from consideration. 

In calculating the stress due to the oscillating 
motion, it should be noted that м is not neces- 
sarily equal to the number of engine revolutions 
made per second; indeed, with double line 
engines, it is rather likely to be twice as great, 
but a gencral rule cannot be laid down. 
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CEMENT.—Gypsum is added to Portland cement 
after burning to regulate setting time. State 
method for quantitative determination of gypsum 
so added. 

There is a general consensus of expert 
opinion that 2 per cent. of gypsum is the 
utmost quantity which may be added to pure 
Portland cement, for the purpose of retarding 
the setting action, without injurious influence 
upon its ultimate strength ; though one or two 
authorities advocate the adoption of 3 per cent. 
as a maximum. Without doubt, 5 per cent. 
causes unmistakable signs of disintegration. 
Within the narrow limits thus determined, the 
exact amount to be added will depend upon the 
chemical constitution and the physical condition 
of the cement. It can only be arrived at ex- 
perimentally, and will vary with individual 
cases. Thus, in two instances, the period of 
setting * hard" was protracted to 24 hours, from 
5 minutes and 4 hours respectively, by the 
addition of 2 per cent. of gypsum. In another 
case, > per cent. of gypsum retarded the setting 
action by 7 hours. In yet another instance, 
1 per cent. of gypsum produced an equal 
retardation, As a matter of fact, it is difficult 
to assign values to the influence of several 
agencies which are at work. Sluggishness in 
setting may be due to an excess of lime, while 
fineness of grinding undoubtedly quickens the 
setting action. Needless to say, an overlimed 
cement is bound to prove unsound. On the 
other hand, fineness of grinding is one of the 
most desirable features of a cement. 

Efficient æration renders a cement slow- 
setting, by partially hydrating the aluminate of 
lime and so modifying its activity. Also, it has 
been pointed out by Signor Cantalupi that 
slowness of setting is promoted by the presence 
of alkalies, and the carbonates of soda and 
potash have been incorporated with cement, in 
small quantities, for this purpose. Bicarbonate 
of soda produces a very material retardation. 


ANALYSIS OF LUBRICATING OILS.—Will you 
please inform me as to the best short methods of 
analysing lubricating oils; the methods given in 
the text-books are too intricate and require too 
much time. 

Under the title of “lubricating oils” many 
different fatty and mineral oils are included. 
Originally, fatty oils were used exclusively for 
this purpose ; but with the tremendous increasc 
in production and improvements in treatment 
of mineral oils, the latter have to a large extent 
replaced the fatty oils. The former are still, 
however, uscd to a considerable extent, especially 
when intimately mixed with mineral oils. 
Mineral oils and fatty oils usually mix in all 
proportions : the one exception is castor oil, 
which requires special preliminary treatment 
before it can be incorporated with mineral oil. 

In analvsing lubricating oils we have therefore 
to make ourselves acquainted not only with the 
analysis of mineral oils, but fatty oils, waxes, 
etc. One of the first tests which can be usefully 
applied to a lubricating oil has for its object 
the determination of the proportions in which 
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the mineral and vegetable or fatty oils are mixed 
together (if the oil in question be a mixture), or 
to detect the presence of vegetable and mineral 
oils in lubricating oils. The simplest test we 
can apply depends upon the striking difference 
in chemical constitution in these two classes of 
bodies. 

Mineral oils are hydro carbons, and therefore 
unaffected by treatment with alkal. Vegetable 
or animal oils are “esters,” and are saponihed 
on treatment with an alkali. Hence the 
application. of an alkali, if the required. con- 
ditions be observed, will have the effect of 
removing the fatty oil as a soap, leaving the 
mineral oil unchanged. A lubricating oil can 
be tested roughly on these lines by shaking a 
few cc. with strong solution of caustic potash. 
The fatty oils at once bcgin to saponify, and 
this materially aids the formation of an emulsion ; 
thus a fatty oil almost immediately emulsines 
under these conditions, whereas a mineral oil 
remains almost unchanged, or only yields a very 
slight emulsion, often little more than mere 
cloudiness. 

If the oil under examination be a mixture of 
a fatty and a mineral oil, the larger the propor- 
tion of the former the more apparent is the 
formation of an emulsion. But even with 
practice this is only a very rough-and-ready 
method, and in order to estimate more accurately 
the proportions of fatty and mineral oils in the 
mixture, a more careful quantitative experiment 
should be carried out. For this purpose a care- 
fully weighed quantity (10 to 20 grms.) of oil is 
taken, and treated with 30 to 40 cc. of alcohol or 
purified methylated spirits. About 5 grins. of 
solid caustic potash, dissolved in 20 cc. of water, 
is then added to the mixture, and the whole 
boiled under an inverted condenser for an hour 
orso. In this way the whole of the vegetable 
oil will be saponined while the mineral oil is 
left unchanged. The mineral oil can then be 
extracted from the aqueous liquor in a separating 
funnel by means of petroleum ether. The layer 
of petroleum ether which contains the mineral 
oil 15 removed, the ether evaporated, and the 
remaining oil weighed. Should the whole of 
the oil be saponitied by this treatment, it will 
evidently contain no mineral oil. Instead of 
boiling in an inverted condenser, the reaction 
can be carried on in an open dish, but a much 
smaller proportion of alcohol must be used. 

A discrimination between the various mineral 
oils is accomplished with extreme difficulty, and 
there are no simple analytical methods. The 
best indication of its nature is to be found in 
the physical qualities, such as colour, smell, 
fluorescence, etc. As to the fatty oils ‘this term 
includes vegetable and animal oils), those mostly 
in use for lubricating purposes are neat's foot 
oil, lard oil, tallow oil, rape oil, olive oil, and 
castor oil. These, as explained, are saponified 
on treatinent with caustic potash. 
guishing them in the mixture there are few 
simple methods, Reliance can only be placed 
on carefully conducted quantitative experiments. 
Most of the rough qualitative tests are unsatis- 
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factory, but of these the following may be of 
some service. 

The following tests depend upon the action of 
strong sulphuric acid on oils. 

Having first decided whether the lubricating 
oil in question is a mineral or fatty oil, or a 
mixture of both, it may be treated with a small 
quantity of strong sulphuric acid in a white 
porcelain basin, and the colour produced noted. 
Pure mineral oils, if properly refined, give little 
or no colour, even when a mixture of the two is 
shaken together at the ordinary temperature, 
and at тоо C. there should only be the very 
slightest colour produced. 

On the other hand, strong sulphuric acid 
reacts with the fatty oils at the ordinary tem- 
perature, producing various tints from yellow to 
brown. 

The oils which are suitable for lubricating 
purposes do not, however, give this reaction so 
strongly as some of the other vegetable oils (such 
as linseed or cotton seed oils), which are quite 
unsuited for use as lubricating oils. These latter 
oils give darker clots with strong sulphuric acid. 
Certain blubber oils and liver oils, which are 
also unsuitable for lubricating purposes, give 
blue and purple colorations. 

Another simple test depending on the action 
of sulphuric acid is the Maumene test, wherc 
the oil is mixed with a definite. proportion of 
concentrated sulphuric acid, and the rise in 
temperature produced by the reaction measured 
with the thermometer. In making this test it 
is necessary always to adhere to the same con- 
ditions, especially with regard to the strength of 
sulphuric acid. A parallel test should always 
be made with a pure sample of the oil, the rise 
of temperature is taken with a thermometer, and 
the mixture of liquids stirred the whole time, 


А test is most accurately performed, according 
to Archbutt, by placing 50 grms. of oil in a 
beaker with a capacity of about 200 cc. А 
thermometer is inserted and the temperature 
noted, which should preferably be as near as 
possible 20°C. 10 cc. of strong sulphuric acid 
are then added, the liquid being continuously 
stirred, and the highest point to which the 
temperature rises is noted. Mineral oils produce 
only a very small rise, probably not exceeding 
10° or 20°, while the class of drying oils most 
unsuitable for lubricating oils will cause a rise 
sometimes approaching 120". 

The fatty oils, such as those already enumer- 
ated, suitable for lubricating, produce moderate 
rises in temperature. This test, then, gives a 
rough idea as to the type of oil with which we 
are working, and a very considerable rise of 
temperature would raise our suspicions. The 
colour of the mixed acid and oil may also be 
noted. Atest easily and frequently applied to 
oils is the so-called “cold test," which is really 
a determination of the solidifying point of a 
lubricating oil. It is of importance, as on no 
account must an oil be used which would solidify 
in the tubes conveying the oil to the bearings of 
the machine. [n this test the oil is placed in a 
test Aube into which a thermometer is inserted : 


^ 
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the test tube is then placed in a freezing mixture 
of some sort and constantly stirred. with. the 
thermometer. The temperature is allowed to 
sink much below that observed when the selid 
first appears. The test tube and its contents are 
then removed from the freezing mixture and 
kept stirred, and the temperature at which the 
last particle of solid melts is noted. The test 
tube is then again placed in the freezing mixture 
and the process repeated until the temperature 
found is constant. This temperature is taken 
as the setting point. The test tube should, if 
possible, be of a rather large size (1% inch 
diameter), and should be filled to the depth of 
about 2 inches with the oil. A lubricating oil 
containing much paraffin would be rejected if 
treated in this manner, as the setting point 
would be low. И is, however, necessary in 
some cases to apply further tests for the purpose 
of more accurately measuring the amount of 
parattin wax contained in the lubricating oil. 

The method devised by Holde is shortly as 
follows :— 

IO to 20 cc. of the oil are taken if it is poor, 
but 5 cc. are sufficient if it is rich in paraffin 
wax. This is placed in a flask of 150 to 200 cc. 
capacity, and sufficient of a mixture of equal 
parts of ether and absolute alcohol added to 
obtain a clear solution. It is then immersed in 
a freezing mixture at a temperature of about 
— 20?C., and vigorously agitated, sufficient of a 
further quantity of the alcohol-ether mixture 
being added to cause the drops of oil to dis- 
appear, leaving only crystals or tlocks of paraffin 
wax. The paratfin wax is filtered off on a cooled 
filter paper, and washed with the mixture of 
alcohol and ether, which must also have been 
previously cooled to —20?C. The washing 15 
continued sufficiently long to remove all the oil. 
The: paraffin wax is then rinsed, by means of 
benzene, from the filter into a small, tared dish, 
and on evaporating off the benzene the residual 
wax 15 weighed. 


HYDRAULICS.— Water is admitted by а con- 
tracting mouthpiece from the bottom of tank into 
4-inch pipe 600 feet long, and then allowed to 
escape vertically as a fountain through a 2-inch 
nozzle into the air, the nozzle being 100 feet below 
level of surface in tank. Find height above nozzle 
to which water will rise if the coefficient of resist- 
ance of pipe = 005. — Victoria University, B.Sc., 
1396. 


From the statement that a converging mouth- 
piece is fitted to the pipe at the point where it 
enters the tank, we may conclude that no 
energy is lost by a sudden change of velocity ; 
and, therefore, that if the level of issue from the 
tank is the same as that of issue from the nozzle, 
the total initial head of the water is 100 ft., or 
that each lb. of water entering the pipe has 
тоо ft.lbs. of energy, partly in the form of 
pressure energy, and partly in the form of 
kinetic energy. Hence, 

Pa 42 MN = 100 
W æ 


when P denotes water pressure in lbs. per 
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square foot, V velocity in feet per second, W 
the weight of a cub. ft. of water in lbs. (vrz., 
62:5), and the suffix А the point considered, 
which we may take as that point, practically 
adjoining the tank, where the converying 
mouthpiece joins the 4-inch pipe. 

At the nozzle this amount of energy is 
diminished owing to friction in passing along the 
pipe, and for a pipe of circular section, 


= 4f LV? 
cx WD 


when A = Head lost by friction, 
J = Coetticient of resistance = 0'005, 
L = Length of pipe in feet = боо, 
V = Velocity of water in feet per second, 
W = Weight of a cub. ft. of water (ibs.) 
= 6255, 
D = Diameter of pipe = +, 
Substituting the numerical values given, and 
expressing л in terms of V?, we have 


k = 0:576%°, 


If there were no loss by friction, we should 
have 


when the suffix B indicates the section through 
which the water issues into the atmosphere, but 
as the total head at the point B has becn 
diminished by Л feet, 


s Pa 
W 2g W 

As Ух indicates the velocity of the water at a 
circular section which is 4 in. in diameter, and 


V is the velocity of the water through a 4-inch 
pipe, V = V,, and hence. 


Py , Уг 


2 
Jj Yi 0'576V?, 
2j 


Ps, which is the pressure of the water as it 
issues from the nozzle, is atmospheric, and as, in 
assigning 100 ft. as the total initial head of the 
water no account was taken of atmospheric 
pressure, it follows that Py must also be taken 
as o, and hence 


If the area of the section at A through which 
the water flows is denoted A,, and the area at 
B, Ав, we have 

AaVa = AgV p. 


Hence the velocity at A may be expressed in 
terms of the velocity at B, that is : 


ү, = Авү 
А, 
2 2 
A = (i) and A, = * ( £ )’, therefore 
4\ 12 4\ 12 
bo db 


Hence V,? = (:35Vg)? = 0:0625V*. 
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Substituting this value of V,?, 


Ver _ гоо — '576 х ‘06251? = 100 — °036V;? 
28 
From this, 
Vg - ш. 100 
-026 T 
039 + 2g 


If H is the height in feet to which the water 
will rise after leaving the nozzle, then ; 
H = Ув, 
27 
Н = = 30°3 feet. 


(7936 + 22) 2 


THERMOMETER. — А centigrade thermometer 
gives accurate readings when its bulb and stem 
are at the same temperature ; if the bulb of this 
thermometer is maintained at a temperature of 
£°C., while the mercury in the stem, from the zero 
graduation onwards, is at a lower temperature 
4°C., what temperature will the thermometer 
indicate ? 

Coefficient of cubical expansion 

of mercury. . . . . . . = 0:0001815. 

Coefficient of linear expansion © 

ofglass. . . . . . . . = 0:0000083. 


At 4,° let the volume of the thermometer tube 
between two consecutive degree divisions be 
equal to 7; also, let us assume that the 
graduations are marked on the glass of the 
thermometer stem. Let the observed reading 
of the thermometer be 6°; then the mercury 
enclosed in the stem, between the zero and the 
Ө graduations, is at a temperature /,?, and its 
volume is equal to vô. If the temperature of 
the stem were raised so as to be equal to that 
of the bulb (Ze, to /?C.), the mercury in the 
stem would occupy the space of / divisions, 
Let # be the coefficient of cubical expansion of 
the mercury, while g is the coefficient of cubical 
expansion of the glass. Then, when 67 с.с. 
of mercury are heated through (7 — /,)°С., the 
volume at the higher temperature is equal to 
6v{1 +m(t—7,)}. Also, the volume of the tube 
which occupies 7 divisions would be ¢v с.с. at 
11°, but at 7? this volume would be equal to 
tu{i+e(¢—4,)}. Thus 

0v(1 + (t — 5)) = tv(1 t gt 4) 
sb g(t — 4) 
I+m(t—%t,) | 

Let ¢ = 300°C., while 4, = 20°C. Since the 
coefticient of cubical expansion 15 equal to three 
times the coefficient of linear expansion of a 
substance, g = 0'000025 nearly. Then 

jio 280 х 0°000025 
I + 280 4 0'000185 
I °007 с $40 
TC х 300 = 287°1°, 


Непсе, 


х 300 


HEAT.—A metal ball at a temperature of /,0С. is 
placed in the middle of ап enclosure, of which the 
walls are maintained at o^C. ; six minutes after- 
wards the temperature of the ball is 300°C,, and 


after another minute it is 250°C. Find the value 
of /,, assuming Newton's law of cooling. 


According to Newton's law of cooling, the 
rate at which a body loses heat by radiation is 
proportional to the difference between its 
temperature and the temperature of its sur- 
roundings ; hence, if the specific heat of the 
body is constant, its rate of fall of temperature 
is proportional to the difference between its 
temperature and the temperature of its sur- 
roundings. 

Let the temperature of the ball at any instant 
be equal to /°С.; “then, since the difference 
between its temperature and the temperature 
of its surroundings 15 Z^, at the end of a short 
interval of time its temperature will be equal to 
( — af) = (1 — a), where а is a constant 
depending only on the length of the short 
interval of time and the dimensions, mass, and 
specific heat of the ball. At the end of the 
next short interval of time, equal to the first 
interval, the temperature will be equal to that 
at the beginning of this interval—z.e., Z(1 — a)— 
multiplied by (1 — а), or 7(1— a}. If there 
are л of these intervals in a minute, the 
temperature at the end of a minute will be 
equal to ¢(1 — a)" = kt, where&—(1— а)" = а 
constant depending only on the dimensions, 
mass, and specific heat of the body. At the 
end of the second minute the temperature will 
be equal to £77, and at the end of »; minutes the 
temperature will be equal to £"/. Hence the 
temperatures at the ends of equal successive 
intervals of time form a geometrical progression. 

The initial temperature of the ball being 4, 
its temperature at the end of six minutes will be 
equal to Z5/,: this is equal to 300°C. After 
another minute (z.e., at the end of seven minutes) 
its temperature will be equal to 4’4,, and this is 


equal to 250°C. ‘Thus 
Ef cq 250. 25 
e. 300 30 
42XN6 
Then, £4, = (S ER 


INTER. B.Sc.— Could you kindly give me a list 
of Mathematical Books suitable for honours in 
Mathematics for the Inter. B.Sc. ? I have taken the 
** more advanced Mathematics of the Matriculation 
Examination.” | 


It is a far cry from Matriculation to Inter. 
B.Sc. Honours in Mathematics, in fact, farther 
than to B.Sc. Pass. 

Geometry: Besant’s Geometrical Conics ; 
Russell’s Pure Geometry. i 

Algebra: C. Smith's or Hall and Knight’s 
Higher Algebra, using Chrystal’s Algebra 
(Part I.) for reference.  . 

Theory of Equations : Burnside and Panton, 
leaving out the theory of invariants, while sup- 
plementing the treatment of determinants by 
Scott's Determinants. 
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Coordinate Geometry: С. Smith's Conic 
Sections ; C. Smith's Solid Geometry. 

Trigonometry : Hobson's or Hall and Knight's 
Elementary Trigonometry, and Locke's Higher 
Trigonometry. 

Calculus: Williamson's Differential and In- 
tegral, supplementing with Greenhill's Calculus, 
especially for hyperbolic functions. 

Differential Equations: Page's. 

Statics: Minchin's Statics, Vol. L, using 
Vol. 11. for theory of attractions and general 
theory of forces. 

Hydrostatics : Minchin's, supplementing with 
Besant's Hydromechanics. 

Dynamics of a Particle: Routh’s or Tait and 
Steele's. 


B.Sc. (Lond.):---I am much exercised by the 
recent changes in the Mathematical Syllabus. Can 
you suggest books which would cover the drawing 
syllabus satisfactorily ? 


The drawing syllabus may mean much or 


little. Probably the following course will be 
found sufficient. 


Hall and Knight’s Elementary Graphs, the 
chapter on the graphic representation of 
functions in Briggs’ and Bryan’s Algebra, and 
the chapter on special curves in Lamb’s 
Infinitesimal Calculus. For graphical work in 
connection with conics, the methods for finding 
centre, asymptotes, axes, etc., as explained in 
Smith's Conics, must be supplemented by actual 
drawing to scale. For projective geometry, the 
elementary treatment by Budden in his Elemen- 
tary Pure Geometry should be mastered, and 
then Professor Henrici'Às article on modern or 
projective geometry, in the Encyclopædia 
Britannica, or Russell’s Pure Geometry. 

In the last three works only those parts should 
be read which bear directly on the syllabus. 

It must be clearly borne in mind that under- 
standing a graphical construction is not enough 
—the actual construction must be made. 


To the Editor of TECHNICS, 


DEAR SIR,—Permit me to point out a slight 
mistake in the solution of the problem headed 
“Theoretical Mechanics,” page 391 of the April 
issue of your magazine. In the equation 


and in the two equations following, the 


2а а à 
*cos —? should read *'cos?-," otherwise the 
2 2 


hnal step in the solution is invalid. 
Trusting this will be of some service to you, 
I beg to remain, 
Yours, etc., 

W. R. SINCLAIR. 

I, Stratford Villas, 

Heaton, Newcastle-on-Tyne. 
April 22nd, 1905. 


To the Editor of TECHNICS. 


DEAR SIR,—In the April number of TECHNICS 
you were good enough to call the attention of 
readers to that very useful instrument, the 
clinograph, of which there are several modifed 
forms in use. Fig. 1 shows a slight alteration 
which can be made with a pocket-knife, which 
greatly increases its usefulness. This will be 
apparent from the figure; in the form commonly 
used the edge can only be brought to coincide 
with a line by trial, whereas in that shown to 
the right of Fig. 1 the concentric portion is 


brought to the line and the blade swung round 
to coincide with the line without any trial. The 
advantage of this can only be fully appreciated 
by those who have to use such an instrument 
over complicated diagrams ; but I am sure that 
your readers will tind the above useful if you 
give them the opportunity. 
Yours truly, 
H. J. Тоосоор (Engineer). | 
The Poplars, 
Elland, Yorks. 
May 13th, 1905. 


Fic. 1.—THE CLINOGRAPH, ORDINARY AND 
IMPROVED FORMS, 
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DISC GRINDERS. 


Ņ HE employment of grinding machines for 
circular work of all kinds is extending 
with great rapidity ; it is becoming evi- 
dent that by its use work can be finished 
more accurately and quickly than by other 
means. It is also necessary, in a great 

variety of work, to produce flat surfaces, such as facings 
for machine parts, strips, keys, and many other items ; 
in such ca. es the shaping or milling machine is gene- 
rally used. followed by draw-filing. АП this takes 
time ; and the result cannot be compared, either for 
truth or finish, with work done on the disc grinder. 
Fig. 1 sho vs the disc grinder made by Messrs. C. W. 
Burton, Guiiffiths & Co., І, 2, and 3, Ludgate-square, 
Ludgate Fiill, E.C. One of the chief points about 
this machire is the rapidity with which a piece can be 
finished, oving to the device by which the piece can 
be quickly clamped (Fig. 2). Тһе time actually 
used in grinding may be estimated in seconds, owing 
to the high velocity of the grinding disc, which runs 
at twice th» speed that would be safe for an emery 
wheel. Any material can be operated on, whether 
tool steel, cast iron, gun metal, or brass. Surfaces 
can be gro nd at any given angle, and a definite and 
measured amount of stock can be removed at will, 


Fic, r.— DISC GRINDER (BURTON & GRIFFITHS). 


making the machine useful in the fitting-shop, while 
a flat and true face can be obtained on an engine 
brass or similar piece. Segments of circles, which are 
expensive to machine by ordinary methods, can also 
be quickly finished by the disc grinder. 


FIG, 2.—CrAMPING DEVICE (BURTON & GRIFFITHS’s Disc GRINDER). 


2) face P. 584. 
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The discs range from 10 inches to 42 inches in 
diameter by 4$; inch thick; they are made of steel 
specially annealed, finished dead true, and secured to 
spindle face plates. Micrometer feeds are obtained from 
a I-inch screw, ten threads per inch, together with an 
8-inch hand wheel divided into one-thousandths of an 
inch ; an adjustable top is fitted, making it possible to 
produce a number of pieces, alike in length or thickness, 
to within one-half of a thousandth of an inch. The 
table for carrying the work (Fig. 1) can be inclined 
at any angle up to 45°, and indexes are fitted to 
measure its movement. They may also be rocked 
across the face of the disc to any required position. 
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THE GRINNELL AUTOMATIC SPRINKLER. 


THE special purpose of the Grinnell Sprinkler is to 
arrest fire in its incipiency, through the agency of the 
fire itself. It is thus adaptable to the protection of 


Closed. 


FIG. 3.—VALVE OF 
GRINNELL SPRINKLER. 


FIG. 4.—VALVE OF 
GRINNELL SPRINKLER. 


all kinds of property, and being perfectly automatic 
it requires no human intervention to operate it. 

Lines of horizontal distributing pipes are fixed at 
intervals of 8 or ro feet along the ceiling of each 
room, and are connected with larger vertical pipes 
supplied from the public water mains, an elevated 
tank, or any source of supply that will keep the water 
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FIG. §.—GRINNELL SPRINKLER IN OPERATION, 
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in the pipes under constant pressure. To each line 
of distributing pipes, at intervals of 8 or Io feet, 
automatic sprinklers are attached. Should a fire 
break out in any part of a protected building, the 
heat at once rises to the ceiling, where the tempera - 
ture very soon rises high enough to melt the solder 
(which fuses at 155? F.), when the elastic valve of the 
sprinkler is released, and water is discharged pro- 
fusely over the fire. 

Fig. 3 shows the sprinkler closed, while Fig. 4 
represents the same open for the discharge of water. 
The glass valve of the sprinkler is pressed against the 
edge of an opening in an elastic diaphragm by a strut 
composed о three pieces joined by fusible solder. 
When the solder is softened by the heat of the fire 
the strut falls to pieces ; the glass valve, no longer 
held to its seat, is thrown up by the spring of the 
diaphragm, aided, of course, by whatever pressure 
there may be within the pipes. The escaping 
water impinges upon a deflector and is scattered in all 
directions in the form of spray (Fig. 5). "This sprink- 
ler, made by Messrs. Mather & Platt, Ltd., of Park 
Works, Manchester, has the magnificent record of 
having extinguished 7,500 incipient fires, and this 
list is increasing at the rate of about three outbrcaks 
extinguished per day. 
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LUX LAMPS. 


THE Lux Lamp, made by the Anglo-Swedish Light- 
ing and Heating Syndicate, 86, Leadenhall-street, 
London, E.C., was described in the May number of 
TECHNICS (Industrial Progress, p. vi.); the follow- 
ing short synopsis of the advantages of the lamp may 
be of interest :— 

1. There is always constant pressure, so that the 
lamp gives the same light after many hours burning 
as when first lit. 

2. No filter used, consequent upon the scientific 
construction. 

3. Free from danger, as a mixture of carbonic acid 
and hydro carbon is not explosive. 

4. Filling with petroleum is only necessary two or 
three times a year, 

The total cost of the burning of the Lux light is, 
for 200 c.-p. d. per hour, and 700 c.-p. $d. per hour, 
and the lamps themselves are the cheapest of their 
kind, ranging from £2 to about £14. 

TheLux lamps have been accepted for use bytheRoyal 
State Railways in Sweden, Austria, Russia, and 
Germany, and by the State Government Rail- 
ways in Germany (over 200 stations), and in 
Sweden over 250 stations are lighted by the 
Lux lamps; which goes far to safely recom- 
mend them to all industries where a steady, 
brilliant, and economical light is required. 
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AUTOMATIC MOTOR STARTERS. 


AUTOMATIC starters are designed to take the 
н of ordinary hand-operated resistances 
or starting up electric motors. Where the 
rheostat is manually controlled there is always 
the liability of cutting resistance out too rapid- 
ly, and so accelerating the motor at too high 
a speed, thus overloading the motor and fre- 
quently overheating the resistance of the 
rheostat. Further, the hand-operated rheostat 
can only be used to start the motor when the 
operator is actually present ; and if it is re- 
quired that the motor be started and stopped 
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Fic. 6.—DIAGRAM OF AUTOMATIC MOTOR STARTER, CONNECTED TO COMPOUND MOTOR. 


frequently, personal attendance is necessary on every 
occasion. 

Automatic motor starters have been designed for 
the purpose of avoiding these difficulties, 

I. By taking the control of the rate at which the 
motor is started out of the hands of the operator. 

2. Movements of the motor itself or varying levels 
in a water tank, or certain reciprocating parts of 
the machinery can be utilised to cause the starter to 
operate as required. 

The automatic motor starter supplied by Messrs. 
Geipel and Lange, of 724, St. Thomas’-street, 
London, S.E., consists primarily of a rheostat having 
the resistance connected to a series of contacts by a 
lever, which, as it passes from step to step, cuts 
resistance out of the armature of the motor, accelerat- 


QU — Pj) 


p unm mam» Du dB Quam quum) dam 


EM HBHHHNEE 


ing it to full speed. This motion is imparted by a 
solenoid excited from the line. The circuit of the 
solenoid is made independently of the motor, and, as 
there is only a small current to be carried, is wound 
with wire of small gauge. The operation is as 
follows :— 

The circuit of the solenoid is closed by means of a 
switch placed at any distance from the motor -starter. 
It immediately begins to draw up the contact lever of 
the rheostat, first closing the main circuit and exciting 
the armature with all resistance in, and then cutting 
this resistance out step by step, until the motor is 
accelerated to full speed. When the circuit of the 
solenoid is broken by opening the switch, the rheostat 
lever runs back over the contacts, throwing resistance 
into the armature and then opening the circuit. The 


FIG. 7.—AUTOMA'TIC MOTOR STARTER FOR 50 H.P. MOTOR, USED IN CONNECTION WITH PUMPING PLANT. 


11 


У 


нт VH ee, 


Industríal Progress 


Fic. 8.—AUTOMATIC MOTOR STARTING SWITCH. 


rate at which the rheostat lever cuts resistance out is 
controlled by an air dash pot, the leakage from which 
is regulated in a simple manner, providing for varia- 
tion of the period of starting over a wide range. 

This type of starter can be advantageously 
used in connection with industrial machinery, 
as, for example, with pumping plants where 
the water level in a tank is required 
to be kept at a constant level without 
manual intervention. In this case an auto- 
matic motor starter can be connected to the 
motor, and wires from the solenoid taken to 
a small switch opened and closed as a float in 
the tank rises and falls ; as the level in the tank 
falls and the motor is required to start pumping, 
the switch is closed, the solenoid excited, the motor 
started, and the water raised to its former level. 
When this stage is reached the float opens the solenoid 
switch and stops the motor. 

Another application is to organ blowing, for which, 
in a similar manner, the switch is opened and closed 
by the bellows as they rise and fall. When the 
bellows are nearly empty and the motor is required to 
start, the automatic switch is caused to operate by the 
closing of a small shunt switch closed by the move- 
ment of the bellows. 

For hydraulic accumulators the motor starter can 
be arranged to start up and stop the motor as the 
accumulator rises and falls, in the same manner as 
above described. 

Fig. 7 shows the exact connection and arrangement 
of a 50 h.-p. motor starter used in conjunction with a 
pumping plant. 
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NEW HEAVY TRACTION SWITCH. 


THIS switch (Fig. 9), which has been designed Ey Cecil 
Hodges & Co., London, is a new departure in switch 
work for heavy currents. 

The contact, instead of being made by a solid 
copper knife working on the flat surface of a copper 
spring, as in the old type of knife switch, is made by 


laminated copper brushes working in solid copper 
jaws. Each lamination thus makes its own contact, 
ensuring that the whole of the contact surface is 
utilised, and doing away with any heating. 

All the current-carrying parts are of ample sectional 
area for the nominal rating of the switch. 

Mechanical strength is another feature, the switch- 
handle being a malleable iron casting, which has a 
separate bearing independent of the electrical contact. 

The wear on the brushes is taken up by spare 
liners, which are readily inserted. 

The switch has a long, quick break, suitable for 
breaking heavy currents up to 600 volts. 

The whole is of the best workmanship, and the 
iron casting being heavily nickelled on the edges, 
gives a very satisfactory finish. 


FIG. 9.—HEAVY TRACTION SWITCH. 
> > у 
A NEW HORIZONTAL MILLING MACHINE. 


A NEW Plain Milling Machine has recently been 


brought out by Messrs, Alfred Herbert, Ltd., 
Coventry. Fig. 10 gives a good idea of the general 
appearance of the machine. It will be noticed that, 
in the main, it conforms to the generally accepted 
practice. A considerable amount of attention has, 
however, been given to the easy manipulation of the 
machine on the part of the operator, and to the com- 
pleteness of the feed range, in which respects the 
machine is unique. 

The leading dimensions are as follows :—Longitu- 
dinal feed 34 inches, cross movement 9 inches, 
vertical adjustment 20 inches. 

The overchanging arm is a solid steel bar of large 
diameter. The arm brace is a single casting, render- 
ing it very rigid. The spindle has a long conical 
bearing in front and an adjustable parallel bearing 
behind, and may be adjusted for diameter or thrust 
independently. The table is exceptionally deep, and 
is lubricated from the front, so that it is not necessary 
to remove the vice or other fixture when the table 
requires oiling. It is attention to small points such 
as these, in the design, that renders a machine much 
more convenient and easier to work than one in which 
these matters are overlooked. 
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FIG. 10.—HERBERT’S HORIZONTAL MILLING MACHINE. 


The table is fed by a screw which does not 
rotate, is not splined, and is always in tension. The 
movements of the table, cross-slide, and knee are con- 
trolled by three handwheels, all within easy reach 
of the operator without moving from his working 
position, The handwheel on the right moves the 
table longitudinally, and by means of gearing gives a 
very fast travel. The handwheel in the middle is for 
the cross adjustments, and on the left-hand side for 
the vertical adjustments. All these movemenis are 
provided with graduated dials reading to o*oor inch. 
The elevating screw is telescopic, so that it is not 
necessary to cut a hole in the floor. 

The firm’s new Patent Dial Feed Motion, by which 
the change from any one feed to another is obtained 
by simply turning the handwheel, is fitted to this 
machine. On a disc attached to the handwheel are 
stamped the various feeds, to obtain any one of which 
it is merely necessary to turn the disc round until that 
feed is opposite a pointer. 

The feed is arranged so that it may be driven from 
the spindle or direct from the countershaft, and the 


disc is stamped with two sets of feed ranges—when 
driven from the spindle in inches per revolution, and 
when driven from the countershaft in inches per 
minute. - When the feed is obtained from the spindle, 
the driving-pulley is geared to revolve at twice the 
spindle speed, so that the feed belt, which is very 
wide, has a high velocity. Messrs. Herbert recom- 
mend the feed of all milling machines to be driven 
direct from tke countershaft, and follow this practice 
in their own works, where they have some 50 
machines, both horizontal and vertical, in operation. 
It will be noticed that there are no telescopic shafts 
or universal joints used in the feed transmission 
gearing. 

The knee is a box casting entirely closed in on the 
under side, and having a beiring on the column 
carried up above the horizontal surface of the knee. 
This form of knee, although more expensive to 
machine, is more rigidly supported than where the 
bearing on the column finishes below the horizontal 
surface. The cross-slide is unusually long, forming a 
very efficient support to the table. 


Industríal Progress 


The whole design of the machine bears witness to 
careful thought, and is pleasing in its effect. Three 
sizes of this machine, including a smaller and a 
larger one, are at present being built. The method 
of manufacture is on strictly modern lines, all 
machine work being done to jigs and templates, and 
all cylindrical work that fits being fin‘shed at dead 
centres by grinding. 


> э» у 
AN UP-TO-DATE WINDOW FRAME. 


Fic. 11.—NEW WiNDOW BALANCE. 


THE firm of Recorders, Ltd., 171, Queen Victoria- 
street, London, E.C., are supplying the window 
balance, illustrated in Figs. 11 and 12, which on 


account of its many ob- 
vious advantages, should 
quickly become popular. 


Ideal ventilation is obtained 
by its use, as the window 
can be opened at the top, 
in the middle, and at the 
bottom ; further, all draughts 
can be avoided. The largest 
window can be opened or 
shut quite easily. All 
weights, pulleys, cords, and 
box frames are done away 
with. Ап important ad- 
vantage is that existing sash 
windows can be altered at 
a trifling expense to suit the 
new balance. The windows 
are perfectly water-tight and 
do not rattle. The whole 
of the outside of the window 
can be cleaned from the in- 
side of the room, as shown in 
Fig. 12. 
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F1G.12.— WINDOW, BALANCE PRINCIPLE, IN 
COURSE OF CLEANING. 


PORCELAIN SWITCH FUSE. 


THIS switch fuse is another of Hodges & Со. 
specialities. It is designed, as will be seen in the 
illustration, with a heavy porcelain handle, provided 
with metal ends to take the fuse strip, which is passed 
through the centre. The bore of the handle is specially 
large, and being lined with asbestos, obviates any risk 
of breakage when the fuse blows. These fuses are also 
made in the ‘‘open type," with the fuse strip under 
the handle, which is protected by a porcelain guard. 


FIG. 13.—PoRCELAIN SwiTCH Fuse (HopGEs & Co.). i 
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FIG. 14.—PLATFORM WEIGHING MACHINE 
(PooLEY & Co.). 


SPECIAL WEIGHING MACHINES. 


THERE have been many improvements of late in the 
production of special machines for weighing barrels, 
and general raw materials in packages, which are 
designed to meet the needs of chemical manufacturers 
and others engaged in industrial operations. 

One great advantage of this specialisation is that 
the sensitiveness of the machines can be adjusted and 
perfected to a far greater degree than is the case when 
a general weighing machine has to be designed, to 
meet, as nearly as possible, the varied requirements of 
a works. 

Although at the first blush it may appear cheaper 
to have one big machine, careful consideration shows 
that it is really far more economical (and therefore in 
the long run cheaper) to use special machines, par- 
ticularly when deliveries of expensive products, such 
as certain oils, kegs of pigments, silk hanks, etc., 
have to be checked for industrial purposes. 

Figs. 14 and 15 represent different types of weigh- 
ing machines. Both Messrs. H. Pooley and Son, 
Ltd., and the E. and T. Fairbanks Co., havea variety 
of special platform, scale, and other classes of weigh- 
ing machines, many of which are of more than 
ordinary interest to manufacturers, who, we think, 
will derive both profit and assistance from the 
catalogues issued by these firms. 


^? »*9 
IMPROVED MOTOR SPIRIT RESERVOIRS. 


А LIGHT, but really strong and trustworthy tank for 
the storage of motor spirit, and more particularly for 
use as a reservoir on the car or lorry itself, has long 
been sought for by motorists, and motor car builders 
in particular. 

By an adaptation of their electric welding system, 
the Steel Barrel Co., Ltd., of Uxbridge, have suc- 
ceeded in making both the ideal storage tank, and also 
a reservoir of special interest to the motor-car and 
waggon builder. 

One great advantage of their reservoirs 
is that angles and awkward shapes present 
little difficulty, and an additional seam or 
two does not introduce strains and liability 
to leak. Consequently the reservoir can 


F1G.16, —BALANCE, FOR WEIGHING 


—— 


FIG. 15.—PLATFORM WEIGHING MACHINE 
(FAIRBANKS Со.). 


often be placed in a hitherto impossible position, 
thus saving considerable trouble to the designer 
and builder, as well as enabling them to provide 
greater storage capacity. With material like motor 
spirit, the less need there is to carry loose gallons, 
the better; while there are obvious advantages in 
having a reservoir on the car that needs as little 
refilling as possible. 
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HEAVY GOODS (PooLEv & Co.). 
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LIGNUM VITÆ ACID TAPS. 


ACID taps of many styles, made from useful and 
ingenious alloys, have long been invaluable accessories 
in chemical manufacturing operations, though of 
course, the ideal material is Zigzum vite. Unfortun- 
ately the extreme difficulty of working this hard wood 
has kept it out of the field of practice. 

Of late, however, advances in wood turning have 
made it possible to produce these taps satisfactorily, 
and also at a reasonable figure. They are cut from 
the solid in one piece up to 4 in. bore. А perfect 
seating for the plug is ensured, as the pitches of the 
plug and collar are absolutely identical. This end is 
achieved by special chucking devices, while the plug 
is accurately turned, and the collar bored, by the 
same tool in the same lathe. A straight flow is thus 
obtained, a feature of great importance when dealing 
with highly-corrosive or expensive liquids. In fact, 
the taps present all the advantages of the ordinary 
wooden tap, only they are applicable to a great 
variety of uses for which the former is wholly unsuited, 
and they are less likely to split. Valves up to 14 in. 
bore are also made in the same material. The taps 
range from 215. a dozen and the valves from 30s. each. 


” = т» 
THE NODON VALVE. 


FIG. 17 represents the latest developments of the 
Nodon valve—a device for converting alternating 
monophase or polyphase current into rectified or con- 
tinuous current. The general principle on which the 
Nodon valve is designed depends upon the fact that 
if an attempt is made to transmit an electric current 
from an aluminium plate into dilute sulphuric acid, a 
film is formed on the plate and the passage of the 
current is prevented. — A current sent in an opposite 
direction is, however, not in the least opposed. 
Hence, if an apparatus containing electrodes of lead 
and aluminium, immersed in dilute sulphuric acid, is 
placed in series with an accumulator across alternating 
mains, the phase of the alternating current, which 
tends to send a current from the aluminium to the 
lead, will produce no current, while the opposite phase 
will charge the accumulators. The Nodon valve has 
been very much improved of late, and it can be used 
for rectifying alternating currents for traction pur- 
poses. In comparing the advantage of this with the 
use of a motor generator the following figures are of 
interest. 

Cost of motor generator, foundations, fixtures, and 
switch-board, to convert an alternating current so as 
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Fic. 17.— THE NODON VALVE. 


to give fifty amperes at 120 volts, is about £155 ;. 
the efficiency of the arrangement being 49°1 percent. ; 
the cost of a Nodon rectifier, with switch-board and 
transformer or economy coil, to serve the same pur- 
pose, is £68, and the efficiency 65 per cent. 

It has been found that at temperatures above 
120^ F. the efficiency of the Nodon valve rapidly 
diminishes. To prevent any chance of such a rise of 
temperature, the Nodon valve, made by Messrs. 
Harry Snowdon, Balfour House, Finsbury-pavement, 
London, E.C., is supplied with a fan shown in 
Fig. I7. > г ў 

AUTOMATIC CONVEYORS. 

FiG. 18 represents a dry sugar band conveyor made 
by Watson Laidlaw & Co., of Glasgow. The band 
is made of rubber and canvas having great strength 
and flexibility, but impervious to moisture and not 
liable to stretch unduly. This conveyor may be used 
to elevate sugar or other similar substances to a 
moderate height, the angle of elevation depending on 
the nature of the substance. The end carrying roller 
is made with adjustable gear, to enable the band to 
be kept at a proper degree of tightness. 


EtG, 2B. 
AUTOMATIC BELT CONVEYOR. 


Manufacturers are invited to assist in making this section of TECHNICS as interesting as possible 
by forwarding particulars of their latest specialties. 


HORIZONTAL LOG BAND SAW. 


HE most striking introduction in sawmill 

machines is undoubtedly Kirchner’s large 

Patent Horizontal Log Band Saw, which 

we illustrate. Fifteen or twenty years 

ago, timber merchants, home and foreign, 

used to cut their timber with either the old 

travelling table rack bench, or with the vertical or hori- 
zontal log frame. Both are to-day antiquated from a 
technical as well as from an economical point of view. 
The rack bench is very wasteful both in power and 
timber, and at the present time of keen competition, 
when every point of economy must be studied, such 
machinery cannot be used to advantage, except for 
cutting up small crooked timber into gate-posts, 
fencing, etc. Vertical and horizontal timber frames 
are too slow. The band mill, against which there 
was a great prejudice in the beginning, has been 
introduced during the last ten years ; Messrs. Kirch- 
ner & Co. were the pioneers of this machine in 
Europe. The most recent introduction is the hori- 
zontal log band saw, which the makers claim as the 
most powerful and rapid machine in existence for the 
conversion of home and foreign timber, whilst the 
quality of the work is unsurpassed. Space does not 
allow us to give the many interesting details which 
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our readers in the timber trade would like to have, 
and we can only advise them to communicate with 
the makers. We shall restrict ourselves to giving the 
comparisons between the results of the former old 
sawmill machines and the present new ones. 

Capacity.—Kirchner’s new horizontal log band saw 
will cut, under the guarantee of the makers, hard 
wood, such as English oak and elm, at rates of speed 
exceeding 60 feet super. per minute (counting the 
actual ‘ime of cutting). А timber merchant near 
London, who has one of these machines, recently 
cut 1,000 feet superficial of hard wood (coffin boards) 
within half an hour. This half-hour includes the 
waste of time incurred in running the carriage back 
and setting the machine for the next cut. Let us 
compare the capacity of the older machines : A single- 
blade horizontal reciprocating frame saw has a daily 
output which does not come up to what this horizontal 
log band saw does in half an hour ; a vertical timber 
frame, cutting with 15 to 20 saws at one operation, 
requiring a much larger staff of men to attend to it, 
could not, under the most favourable conditions, do 
as much in ten working hours as the horizontal log 
band saw can do in two or two and a-half hours ; the 
comparison with the old style circular rack bench is 
more unfavourable still. 


Fic. 1.—KIRCHNER’s Loc BAND SAW. 
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Economy.— This is another important factor with 
which timber merchants have to count, and here the 
band mill is the ideal tool. The gauge of the band 
sawblade is smaller than of any type of machine, and 
timber 5 feet wide is converted with 18 or 19 gauge 
saws, as compared with 12 and 13 gauge in vertical 
and horizontal timber frames, and 4 or 5 for circular 
rack benches. The saving of timber effected by use 
of the band saw will pay for the whole cost of sawing, 
and it leaves so great a surplus every year that it goes 
a good way towards paying for the machine itself. 

Another important point in favour of the horizontal 
log band saw is that the sawyer has a chance, after 
each cut, to examine the grain of the timber, which 
is most necessary in the conversion of oak and elm, 
which woods frequently develop cracks and hollows 


inside. 
P у y» 
THE STRATTON SEPARATOR. 


THE Stratton Separator (Fig. 2) is a device for 
separating particles of suspended water from steam ; 
a rotational motion is imparted to wet steam, and the 
liquid particles, being heavier than the steam which 
they displace, are projected to the outside of the 
current by the centrifugal force acting on them. 

The separator consists of a vertical cylinder with an 
internal central pipe extending from the top down- 
ward for about half the height of the apparatus, 
leaving an annular space between the two. 

A nozzle for the admission of the steam is on one 
side, the outlet being on the opposite side, or on top, 
as may be most convenient in making the connections. 


e 1 Steam 
Inlet. 


Stcam 
Outlet. 


Fic. 2.—'* STRATTON " SEPARATOR. 


The lower part of the apparatus is enlarged to form 
a receiver of considerable capacity, thus providing for 
a sudden influx of water from the boiler. 

A suitable opening is tapped at the bottom of the 


apparatus for a drip connection, anda glass water- 
gauge shows the level of the water in the separator at 
all times. 

The current of steam, on entering, is deflected by a 
curved partition, and thrown tangentially to the 
annular space at the topside of the apparatus. It is 
thus whirled around with all the velocity of influx, 
producing the centrifugal action which throws the 
particles of water against the outer cylinder. "These 
adhere to the surface, so that the water runs down 
continuously in a thin sheet around the outer shell 
into the receptacle below, while the steam, following 
in a spiral course to the bottom of the internal pipe, 
abruptly enters it, and in a dry condition passes 
upward and out of the separator, without having once 
crossed the stream of separated water, all danger of 
the steam taking up again such water after separation 
being entirely avoided. 

As the rapid rotation of the current of steam also 
imparts to the separated water a whirling motion 
which tends to interfere with its proper discharge 
from the apparatus, the separator has been provided 
with wings or ribs projecting inwardly at an acute 
angle to the course of the current, thus breaking up 
this whirling motion and allowing the water to settle 
quietly at the bottom, whence it passes off through the 


drain pipe. 
P PPF 


A MAGNETIC SEPARATOR. 


THE great loss entailed by breakages caused by iron 
getting into almost any kind of grinding machinery is 
well known, and the difficulty of entirely separating 
it from the material to be ground will be as readily 
admitted. 

The magnetic separator has been designed to meet 
this difficulty and supply the demand for a trustworthy 
means of separating iron from materials to be ground, 
and to deal with materials which have hitherto been 
beyond the capabilities of magnetic separators. 


In dealing with rough materials, such as bones, 
hand labour is almost universally used, but this mode 
is quite untrustworthy, either on account of the want 
of sufficient care of the operatives, or on account of 
the difficulty in distinguishing the iron, when coated 
with foreign matter, from the other materials. 
Sometimes, also, iron is found lodged in hollow 
bones, which renders its discovery by hand-picking 
very improbable. 

With ordinary magnetic separators there has always 
been the liability of a piece of iron being carried over 
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the magnets on top of, or with, a large piece of bone 
or other material ; and as in these machines there is 
only one chance for the magnets to catch it, it thus 
escapes and passes to the mill with the material to be 
ground. 

This separator, represented in Fig. 3, is made by 
the Hardy Patent Pick Co., of Sheffield. It consists 
of a cylinder placed with its axis not quite horizont- 
ally, but with one end higher than the other, so that 
when revolved, material introduced at the highest end 
will gradually make its way out at the lower end. 

This cylinder is placed upon rollers which enable it 
to be easily revolved, and leaves the inside without 
obstruction for the passage of the material through it. 
Inside the cylinder are about twelve magnets, extend- 
ing along the greater part of its length, and forming 
slightly projecting ribs inside it in the direction of its 
length. These magnets are excited by a dynamo, 
with which they are automatically connected and dis- 
connected during the revolution of the cylinder. А 
tray or shoot is fixed inside the cylinder, near the top, 
but not connected with it in any way. When the 
magnets, during the revolutions of the cylinder, are 
passing over the tray or shoot, they are disconnected 
from the dynamo, and so drop on the tray any pieces 
of iron or other magnetic substance they have picked 
out of the material ; and during the remainder of their 
revolutions with the cylinder they are in connection 
with the dynamo, and so magnetised and ready to 
pick out any magnetic substance. 

By this arrangement, it will be readily understood 
that the material is turned over and over many times 
as it passes through the interior of the cylindrical 
separator, and the powerful magnets are constantly 
having the material passed over them as they revolve 
with the cylinder, and as they ascend to the top they 
carry up with them, out of the material, any iron or 
other magnetic substance that they attract, holding 
this until it is over the tray or shoot, into which they 
drop it as they are disconnected with the dynamo. 
It is thus impossible fora piece of iron to pass through 
the separator without coming in contact with the 
magnets, 


It is estimated that a piece of iron, from entering 
one end of the separator, would have to pass over the 
magnets about 120 times before it could escape at the 
other end, and as these magnets will lift up and deposit 
on the tray pieces of iron varying from the size of a 
small nail to the weight of many pounds, it will be 
seen that the chances of iron passing бозу the separa- 
tor with the other material are very remote, Asa 
matter of fact, almost all the iron is picked out by the 
time it has travelled with the material about six inches 
from the end of the cylinder where it enters, and as 
the cylinder is about six feet long, there is plenty of 
spare room for safety. 
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A NEW BELT FASTENER. 


FIG. 4 represents a belt fastener made by A. M. 
Lewis, 47, Hunter’s-road, Hockley, Birmingham. 
'The method of using this to join up a belt will be 
easily understood from Fig.:5. Suitable holes are. 
punched in the belt by means of special punches 
supplied by the maker, the screwed rod is removed 
from the fastener, and the arms of the latter are 
threaded through the perforations near {һе two ends 
of the belt; subsequently the removable rod is. 
screwed into position, and the belt is then securely 
joined. A notable point is that there are no sharp 
points or projections which are likely to prove danger- 
ous. It is claimed that the fastener will outlast the 
belt with which it is used. 


” o?» у 
HIGH-SPEED STEAM DYNAMO. 


MESSRS. MATHER & PLATT, of Salford Iron Works, 
Manchester, are supplying a high-speed single-acting 
enclosed engine suitable for steam pressure from 70 to 
180 lbs. at engine stop valve developing from 13 to 
25 kilowatts and running up to 500 revolutions per 
minute (Fig. 6). 

This type is especially useful for private house and 
estate installations, for pilot circuits in mills, paper 
and chemical works, in engine-rooms aboard ship, in 
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Fic. 5.- -BELT JOINED BY LEWIS’s FASTENER. 
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all of steel, and carefully designed for their work, the 
connecting rod being always in compression. 

The fy-wiheel is of the solid cast iron disc type, and 
is made sufficiently heavy to ensure steady running. 
It is mounted at opposite end of bed to dynamo or 
pump, and provided with barring and lifting holes in 
the rim. 

The governor is of the centrifugal ball type, and 
can be adjusted to give variations of speed while the 
engine is running. It is driven by a double belt or 
ropes from the projecting end of crank shaft. 

The fittings include stop valve, lubricators, save- 
alls, filler, drain-cocks and their connections. The 
cylinders and the valve chests are coated with non- 
conducting composition, and neatly lagged with. 
planished sheets. | | | 

For lubricating, the crank chamber should be 
filled with water to about 14 inches below the under 
side of the crank shaft. А good class of mineral 
cylinder oil should thereafter be poured on the top of 
the water, the best proportion being about one part 
of oil to ten parts of water. As the mixture gets 
heated through working, it will very gradually evapo- 
| ЯР rate, апа саге must be taken to see that there is 
MATHER а BLATT ие MANCHESTER . . fam always a sufficiency of water and oil in the chamber. 

жий аз: V A brass plug is provided in the filling funnel attached 
: to the bed-plate, and this plug indicates the correct 
level of the mixture. 


Fic. 6.—HIGH SPEED ENGINE AND DYNAMO. Castor oil should not be used in the crank chambers. 

all confined places, and wherever the prevalence of ” >> 

dust has to be reckoned with. It finds, moreover, A WATER-SOFTENING PLANT 
extended application in connection with the driving | | j 

of circulating pumps for condensing and other plants FIG. 7 represents the Beissel Water-Softener, made 
requiring water service, as well as for ventilating and by Messrs. Rose, Downs & Thompson, Ltd., Hull. 
blowing fans, exciters for large alternators, and fora In this plant the method of softening the water is the 
variety of other purposes. same as in other plants for the same purpose. Its 


A special type of electrical generator has been 
designed for bolting direct to the frame of the engine, 
rendering an extended bedplate unnecessary, and 
thereby reducing the cost of foundations to a mini- 
mum, since the floor space occupied by such plants is 
exceedingly small. 

The following general specification sets forth the 
details of construction more fully :— 

The engines are of the single-acting high-speed 
enclosed self-lubricating type, and are made either 
simple or compound, to suit the steam pressure avail- 


able and power required. The exhaust can be AAAA 

arranged for discharge into a condenser or to m ИЩ 
—— AMA ретте POET 

atmosphere. m 70 


The cylinders are of close-grained iron, cast in a 
piece with the valve chest, and accurately bored and 
faced for attachment to the frame, which is likewise 
of cast iron, machined on top for connection to 
cylinder. The frame is carefully bored to form a 
large diameter guide, which, in conjunction with a 
plunger-shaped cross-head, constitutes the air bufer. 

The valves are of the piston-type, and are connected 
to their rods by taper bore and nut, being driven by 
eccentrics enclosed within the engine. 

The ded-plate is of cast iron, box section and ribbed 
internally to ensure strength with lightness. It serves 
as a reservoir for holding the mixture of oil and water 
into which the cranks dash at each revolution, thus 
lubricating the pins, bearings, and working parts 
generally, The outer bearings are provided with i орай 
glands to prevent the escape of oil from the chamber, FIG. 7.—'* BEISSEL” WATER SOFTENER. 
the whole being cooled by water circulating pipes. 

The cranks and crank shaft are of steel, in one distinctive feature, however, is the method used to 
piece, the former being carefully balanced by weights quickly remove the sediment. This is done by divid- 
opposite the crank pin. ing the turbid water into very thin layers, so that no 

The connecting, piston, eccentric, and valve rods are filtration is necessary. The chief part of the apparatus 
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Fic. 8. —MEASURING MACHINE (NEWALL ENGINEERING COMPANY). 


is the settling tank, the bigger cylindrical part on the 
left. Iron stanchions on the top of this tank support 
а smaller cylindrical vessel which is divided into two 
'compartments ; one contains the hard water and the 
arrangements for regulating its inflow, while the 
second compartment is filled with alkali (usually soda 
solution). Between this top tank and the bigger 
settling tank is shown a smaller square tank ; his 
contains a regulating arrangement for bringing together 
the hard water, the soda solution, and the solution of 
quicklime, all in the right proportions. As already 
mentioned, a settling tank is divided into a large 
number of thin layers by means of metal sheets on 
which the sediment collects. It can be removed at 
the end of the day by opening the blow-off valve for 
about one minute. 


A NEW MEASURING MACHINE. 


IN the past, accurate measuring machines have not 
been extensively used, doubtless on account of their 
great cost. The Newall Engineering Co., Ltd., of 
Atherton’s Quay, Warrington, have, however, 
recently placed on the market a measuring machine 
which combines the advantages of very great accuracy 
with minimum cost. An elevation and part section of 
the machine are shown in Fig. 9, while Fig. 8 repre- 
sents the complete machine. The back stop of the 
machine is held in position by a spring, and any pres- 
sure on the back stop acts on a lever which moves a 
sensitive spirit-level. By this means the pressure to 
which the object to be tested is subjected can be 
accurately read. The screw is of a coarse deep pitch, 
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FIG. 9. —SECTION AND ELEVATION OF MEASURING MACHINE. 
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giving ample wearing surface, and is supported at both 
ends on bearings, so that there is no weight upon its 
effective portion. Attached to the screw is a 
graduated wheel by the aid of which readings as small 
аѕ dps Of an inch can be made. The main screw 
can be rotated for quick movement by a knurled nut 
at the end of the spindle. Forslow movement а fine 
adjustment screw is carried on an arm which can be 
clamped to the wheel at any point by an eccentric, 
and thrusts against the bar provided on the front of 
the head. For measurements exceeding one inch the 
back stop can be set so that the microscope shown in 
Fig.8 focuses on the cross wires one of the inch readings 
of an *'Invar" scale. 

The same firm also make standard end measuring 
rods, internal micrometers, internal limit gauges, 
adjustable external limit gauges, and other appliances 
of a similar character. 
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Fic. 10.—-THE ** GRASSHOPPER” VIBRATORY OW { Be 


CONVEYOR, 


A VIBRATORY CONVEYOR. 


MESSRS. WATSON LAIDLAW & Co., of Glasgow, are 
supplying the vibratory conveyor (called the ‘‘ Grass- 
hopper” conveyor) which is represented in Fig. то. 
This conveyor consists of an open trough or gutter, 
without any screws, spirals, or scrapers, and is sup- 
ported by springs fixed as shown in the illustrations. 
A quick oblique vibratory motion is transmitted to 
the trough, which causes the material to move rapidly 
forward, There is no clogging or sticking, as the 
vibration of the trough is sufficient to keep it clean. 
This very important function is performed so perfectly 
that a change from one grade » sugar to another may 
be made without the lapse of any material interval of 
time, and at little or no risk of the ditlerent colours of 


sugar commingling. 
” у p 


THE LUX INCANDESCENT PETROLEUM 
LAMP. 


IN this lamp (Fig. 11) mineral oil is vaporised and 
burnt as a non-luminous flame which heats a mantle 
similar to that used in gas lighting. The oil used is 
ordinary mineral oil (refined petroleum), and as a rule 
the cheaper grades of oil give the best results. This oil 
is stored in a tank placed either inside the lamp-post or 
in the immediate neighbourhood ; and connected with 
this tank isa cylinder containing carbonic acid gas, the 
pressure of which forces the petroleum up through a 
fine tube towards the burner, over which is suspended 
а specially-prepared incandescent mantle such as is 
used in intensified gas lighting, 

When lighting the lamp, the necessary heat for 
vaporising the petroleum is obtained by burning a 
small quantity of methylated spirit in a specially- 
devised trough beneath the burner; but when once 
the lamp is started, the burner-flame itself supplies the 


requisite heat, and the conversion of the petroleum 
into gas goes on automatically and continuously. 

* Lux” lamps are made in various designs and of 
different powers, and there is nothing in their cost to 
prohibit their extensive use wherever a powerful, 
pleasant and economical light is wanted. 


Oil Consumption in “Lux” Lamps. 


The 200 candle-power lamp consumes 1*8 pints in ten 
lighting hours. 

The 700 candle-power lamp consumes 6 pints in ten 
lighting hours. 


Incandescent Mantle Renewals, 
Taking average results, an incandescent mantle will 
last :— 


In a 200 candle-power lamp, about 200 lighting 
hours. 
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In a 700 candle-power lamp, about 150 lighting hours.. 
With careful treatment these figures are often largely 
exceeded. 


Carbonic Acid Consumption. 


The amount of carbonic 
acid gas used is very small, 
being from 5 to to lbs. for 
an average year's working 
of a small and large lamp 
respectively. - 

The * Lux” lamp is 
a briliant light - giver, 
smokeless, inodorous, in- 
explosive, апа economical. 

In addition to being 
well adapted for indoor 
lighting, the ** Lux" lamp 
is particularly suited for 
street illumination, and for 
the lighting of railway 
stations, factories, mar- 
kets, ships and shipyards, 
and other large areas. In 
this respect it possesses a 
greatadvantange over both 
gas and electricity, inas- 
much as each lamp is self- 
contained, so that all 
necessity for disturbing 
the streets for the laying 
of gas pipes or electric 
connections is avoided. 

The lamp is supplied 
by the Anglo - Swedish 
Lighting and Heating 
Syndicate, 86, Leadenhail- 
street. 


FIG. II. 


* Lux" INCANDESCENT 
PETROLEUM LAMP, 


Industrial Progress 


FLOOR 


REFUSE ‘TIPPING 


amec- 
THHHI 


TS - 1 » 


> 


FIG. I2. —ÁBAKER's REFUSE DESTRUCTOR. 


BAKER'S PATENT REFUSE DESTRUCTOR. 


THE refuse destructor represented in Fig. 12 has 
been designed by Messrs. Joseph Baker and Sons, 
Ltd., of Willesden Junction, London, N.W., with a 
special view to the complete consumption of all 
noxious gases. For many years it has been realised 
that the only proper way of destroying refuse is to do 
so in an enclosed furnace, and a number of furnaces 
of different types have been designed for this purpose. 
But the difficulty has arisen that, no matter how care- 
fully fed, a great deal of the refuse is only partially 
consumed, and noxious gases result ; the great heat 
necessary to burn them and split them up into innocuous 
constituents not being attainable. To over- 
come this difficulty, and also to provide a really 
economical method of utilisation of heat, the 
Baker Patent Destructor has been devised. 

It will be seen (Fig. 12) that the refuse des- 
tructor is approached by means of an inclined 
plane, or is situated below the normal level of 
the ground, and the inlet for the refuse is by 
horizontal sliding door to the refuse storage 
hopper. From this hopper the refuse descends 
on to the lower or burning hearth, which is in 
fact the furnace proper. Forced draught is 
used, and a small fan is set under the back 
stoking passage ; this fan draws its air partly 
from the refuse storage hopper and partly from 
the outside air, and forces it through fire bars 
and the hottest part of the furnace, and thence 
to the outlet flue, which runs transversely 
across the furnace and away to the boiler. 
The arch over the outlet flue is made of fire- 
brick blocks, with spaces between to allow a 
large quantity of heat to play upon the dead 
plate at the bottom of storage hopper, upon 
which the refuse lies. АП the refuse, before 
it comes down to the furnace proper, is thus 
thoroughly dried and ready for complete com- 
“ustion ; and all the gases which are given off 


in this process are carried down through the side wall 
of the cell and through the furnace. This special 
feature of the Baker Patent Refuse Destructor has 
commended it to sanitary inspectors and engineers 
all over the world. 

Another important feature is that in practically all 
of the Baker plants no provision is made for storing 
the refuse outside, but a very large refuse storage 
hopper is provided which will enable enough refuse to 
be stored for burning for at least ten or twelve hours ; 
in this way plants are always found to be unobjection- 
able, and although, in some cases, put to work in the 
most densely populated districts, they have given rise 
to no complaints of any description. It will be noted 
that the refuse itself is used as а seal between the 
storage hopper and furnace, and that a back stoking 
door is provided for pulling down the refuse from 
storage hopper on to the burning hearth. With 
ordinary refuse, however, it is found that the slope of 


ттөмт dead plate is sufficient to bring the refuse down 
S ame 


naturally as it burns away beneath, and very little 
stoking 1s required. 

Joseph Baker and Sons, Ltd., have recently com- 
pleted a large set of refuse destructors in Calcutta, 
which plant has now been accepted by the Municipal- 
ity. The same firm are at present at work upon a 
further installation for the city of Buenos Aires. A 
very interesting example of Messrs. Baker's work can 
be seen at the Finsbury Borough Council's Refuse 
Destructor Works, Phcenix Wharf, Lambeth. Not 
long ago this refuse destructor was called upon totake 
something like 100 per cent. overload, owing to the 
breakdown of another make of destructor ; but it 
proved equal to the occasion, and consumed a very 
large amount of refuse per diem for some little time 
without creating any nuisance, despite the fact that 
this destructor is working in a densely-populated 
neighbourhood. * 
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INDEXED CASES FOR DRILLS. 


THE indexed case for drills represented in Fig. 13 is 
supplied by Messrs. Charles Churchill & Co., Ltd., 
9 to 15, Leonard-street, E.C. The drills are con- 
tained in holes arranged in concentric circles in the 
block. Over them isa revolving cover with holes to 
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correspond. Around the rim of the cover are stamped 
the sizes of the various drills contained in the case. 

Between the cover and block is a swing shutter also 
having holes corresponding with the circles in the 
block. This shutter moves with the cover, but can 
also be moved independently by means of the knob 
shown working in a slot in the cover. At various 
da on this slot are enlargements into which fits a 

utton on the knob, and when so fitted the shutter is 
held firmly in position. Against each of these en- 
largements, except one, are figures indicating the 
range of sizes contained in some one of the concentric 
circles in the block. 

When a drill of a certain size is required, turn the 
cover round until the figures on the rim, indicating 
the desired size, come opposite the index mark in the 
block. Then pull up the button on the knob con- 
trolling the movement of the shutter until it is disen- 
gaged from the slot, push it until the knob is opposite 
the figures covering the size wanted, and let the 
button drop into place. The hole in which that par- 
ticular drill lies will then be uncovered, and by in- 
verting the case the drill will drop out. To close the 
case, push the knob to the end of the slot against 
which there are no figures. 
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AUTOMATIC CENTRE PUNCH. 


THE Automatic Centre Punch represented in Fig. 14 
is entirely new in design, and combines features that 
make it much more convenient and accurate for laying 
out work to be machined or drilled than 
the ordinary centre punch and hammer. 
In designing this tool every care has been 
taken to combine lightness and simplicity 
with durability. The various parts аге 
{ proportioned to withstand the most severe 
usage to which tools of this character 
should be subjected. All parts are of steel 
proportioned and adjusted to avoid 
liability of getting out of order. The 
parts most subject to wear are carefully 
hardened. 

The tool is self-contained, the striking 
mechanism being enclosed in the knurled 
handle, which is of such a size and form 
as to be conveniently held in the hand. 
The small size is about 5} ins. long and 
B in. diameter ; the large one 61 ins. long 
and $ in. diameter. 

Adavantagcs.— When following a line or 
establishing a point by the intersection of 
lines one hand can be free to guide the 
point or hold the magnifying glass ; and, 
after the point has been located, it is not 
apt to slip and lose the setting, as а 
downward pressure of the handle releases 
the striking block and makes the im- 
pression, Another advantage appreciated 
by mechanics is that the punch marks are 
all of uniform depth, and therefore more 
easily and accurately followed than when 
of varying depths. 

This tool is made by Messrs. Charles 
Churchill and Co., Ltd., 9 to 15, Leonard- 
street, E.C. 
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| PORTABLE PRIMARY 
Nt. 14. BATTERIES. 
AUTOMATIC MESSRS. SIEMENS Bros. & Co., Lrp., 
CENTRE are supplying a portable cell (Fig. 15) for 
PUNCH, ignition purposes which combines the 


advantages of both wet and dry cells. Essentially- 
it is a wet cell, and consequently the electrolyte 
can be renewed; but it is so thoroughly closed 
that, unless severely damaged, the liquid cannot 
escape. It contains no acid, and there is no creeping 
of salts. These cells have a large output relative to 
their weight, They can be kept indefinitely in a dry 
condition, or may be conveyed from place to place, 
either charged with solution ready for immediate use, 
or they may be filled in a few minutes. After use they- 
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Еіс, 15.—PORTABLE PRIMARY BATTERY. 


can, if desired, be emptied of solution and rinsed out 
once or twice with warm water, and then laid aside for 
future use. А special salt which gives the best result is 
provided, but ordinary salammoniac can be used. 

For motor cycles three No. V. cells giving 44 volts 
can be used ; they occupy only a small space, and are 
also suitable for motor cars, for which size XII. 15 
recommended. Each of these cells weighs about 
3 lbs. 44 oz. charged. Three of these cells will give 
44 volts, and four cells 6 volts. 


77 +» 


THE RAPID CONSTRUCTION OF A STEEL. 
FRAME WAREHOUSE. 


A CONTRACT has just been placed with Messrs.Graham, 
Morton& Co., Ltd.,engineers and contractors, of Leeds, 
for the construction and erection ofa large warehouse at 
East Quay, South Dock, for the Alexandra (New- 
port and South Wales) Docks and Railway Co. The 
building is to be 200 feet long and of 70 feet span, and 
the whole of the ironwork will be in position eight 
weeks from the date of the order. This, of course, con- 
sists of roof-principals, purlins, rivetted compound steel 
girders, rolled-steel girders, the usual gutterings, etc., 
and a specified number of casements constructed to. 
open in the centre. All steel used in the construction 
is to be of the best quality mild steel. The principals 
are to be spaced 12 feet 6 inches apart. A louvre 
will run the whole length of the building. АП the 
work must stand careful testing on the part of the 
Company's engineer, or his representative. 


ERRATUM. 
On p. vi. of thissection in our April issue, the height 
of Messrs. Harper, Phillips, and Co.'s trolley base 
should have been given as 4 inches, instead of 4 feet. 
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Manufacturers are invited to assist in making this section of TECHNICS as interesting as possible 
by forwarding particulars of their latest specialties. 


HIGH TENSION MOTOR GENERATOR 
SET. 
EFERENCE was made in this section in the 
March Number of TECHNICS (p. 296) toa 
High Tension Motor Generator Set, made 
by the Lancashire Dynamo and Motor Co., 
Trafford Park, Manchester. We are now 
pleased to be able to give further particu- 
lars of this machine. 

The set (Fig. 1) is designed to run off 10,000 volt 
60 period 2-phase mains, and will take current from 
the Metropolitan Supply Co.’s mains. The continuous- 
current generator bas an output of 460 volts, 550 
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horizontal diameter, to enable the armature to be 
readily inspected and repaired. The yoke is provided 
with brackets lined with white metal, to support the 
brush ring. Special adjusting screws in the magnet 
feet are provided, on sizes larger than No. 17, by 
means of which the air gap may be adjusted in any 
direction. 

The field coils are former wound, insulated with 
press-spahn, served with tape, and then dipped in an 
insulating compound and thoroughly baked. Each 
coil is provided with its own terminals, so that no 
loose wires project, thus avoiding the danger of the 
latter being broken off. The coils are held in their 
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Fic. 1.—MoToR GENERATOR SET (LANCASHIRE DYNAMO AND MOTOR COMPANY). 


amperes-—i.¢., 250 K.W., and the set runs at 440 
revolutions per minute, full load speed. 

The induction motor has the stator (Figs. 2 and 3) 
built up of specially selected sheet-iron, and the coils 
are laid in half-closed slots. These slotsare lined with 

ial mica insulating tubes, which extend for some 
distance on each side of the core. 

The rotor (Figs. 4 and 5) is also built up of laminated 
plates, with half-closed slots; the winding, consisting of 
copper bar, is laid in these slots, and connected to- 
gether by heavy copper-end connections. These end 
connections are held in position by special wedge- 
shaped rings, thus making a first-class mechanical job 
of the rotor. The slip rings are of brass, and the 
brushes of copper gauze. 

The continuous-current generator (Fig. 1) is of the 
multipolar type, provided with six poles. The brush- 
gear is of the standard type adopted by the firm, and 
the armature is of the slotted type, bar wound. 

The field magnet yokes are of cast steel, circular in 
shape, and are provided with steel poles cf circular 
or elliptical section, and a special form of pole piece 
to eliminate sparking. The fields are split across the 


FIG. 2.—THE STATOR. 


(To face p. 392. 
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FIG. 3.—ANOTHER VIEW OF STATOR. 


places Ey a brass plate both top and bottom, enabling 
the air to circulate freely both inside and outside 
the coil, and ensuring cool running and absence of 
sweating. А very high insulation resistance is ob- 
tained by this method, eliminating the danger of the 
coils earthing if the shunt current is interrupted. 
Series coils are of bare copper strip, wound on edge 
and taped over all. 

The commutators are built up under hydraulic 
pressure, and are made of hard-drawn copper bars of 
liberal depth, insulated with specially selected mica, 
which wears evenly with the bars. Micanite is used 
for insulating the end rings. In the larger sizes the 
end rings are divided into segments, which are drawn 
together by special steel rings of wedge-shaped sec- 
tion, In this way the bars are held down with great 
pressure, but are left free to expand longitudinally ; 


Fic. 4.—THE ROTOR. 


with this method of construction it is almost im- 
possible for a bar to be knocked down by a hammer. 
The armatures are of relatively large diameter, with 
a small armature re-action, and are built up of thin, 
varnished plates, with slots provided to receive the wind- 
ings. Thearmatureis further ventilated by brass distance 
pieces and internal air ducts in the core to ensure cool 
running. The plates are securely keyed to a cast-iron 
sleeve, which extends to the bearings on one side, and 
is formed into a coupling on the other in machines for 
direct coupling, thus enormously strengthening the 
shaft and eliminating any strain on the keys in case of 
short circuit. The commutator is also carried on this 
cast-iron sleeve. The windings are of the cylindrical 
barrel type. Each coil or bar is wound on a special 
former, afterwards taped up, and then dipped in a 
special insulating compound and dried. A trough of 
prepared insulation is next put into the slot, and the 
coil or bar slipped into position ; after they are all in 


Fic. 5.— THE ROTOR. 


place, wood strips are driven into the tops of the slots, 
which are specially dovetailed, and steel bands wound 
tightly on and soldered up. "The bands are carried 
in recesses in the core, so that in case the armature 
touches the fields it is not damaged. The coils or 
bars are provided with a cast-iron support at each end 
to prevent oil or dust getting into the windings. The 
connectors to the commutator are of soft copper strip, 
soldered into the commutator bar, and bent into a 
special form to prevent breakage by vibration and 
expansion, Double oil throwers are provided to pre- 
vent any oil leaking into armature or frame of machine. 
On parallel-wound armatures equalising rings are fitted, 
and these may, if desired, be put on after the machine 
is erected and electrically balanced. 
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MOTOR STEAM FIRE ENGINE FOR 
LONDON FIRE BRIGADE. 


THE first motor steam fire engine built to the order 
of the London County Council for the London Fire 
Brigade, by Messrs. Merryweather апа Sons, was 
tested on February 27th at the Greenwich works. 
The new machine, which is the most powerful of its 
kind in London, will deliver 500 gallons per minute. 


Industríal Progress 


It is fitted with a quick steam-raising water-tube 
boiler, fired with a new pattern petroleum burner. 
The machinery, which is placed vertically between 
the frames in front of the boiler, consists of a pair 
of inverted steam cylinders driving two direct and 
double-acting;pumps. The power for propulsion is 
taken from the crankshaft on this engine by putting 
а counter-shaft into gear, from which the road wheels 
are driven by a pair of steel roller chains running 
over sprocket wheels. The pump pistons can be 
connected or disconnected from the engine in a few 
seconds by a simple device, so that only one set of 
machinery is required for propelling and pumping, 
thus saving a large number of working parts and 
consequent complications, which have been serious 


following figures, from a test made at the West- 
minster Electrical Testing Laboratory, show the 
performance of a direct current meter for fifteen 
amperes, the direction of current through the pendu- 
lums being reversed every ten minutes. 


Loss IN METER. 


Shunt Circuit, —Resistance 8,492 ohms. Watts 
1°18. 
Winding Circuit.—Resistance 1,183 ohms. Watts 


at instant of winding 8°45; average over a con- 
siderable period 0°25 watts only. 

Main Circuit.—The drop of potential at full load 
was found to be 0°516 volt, the power being 7°74 
watts. 
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Fic. 6.—STEAM MOTOR FIRE ENGINE. 


disadvantages in foreign-built motors. The new 
engine is steered by hand-wheel, with irreversible 
gear, and is controlled by levers for steam, reverse, 
and brakes. А large hose-box is fitted, and eight 
firemen and an engineer can be carried. The road 
wheels are of the artillery pattern, fitted with steel 
rims, solid rubber tyres, and Parson's ** non-skids." 

It may be mentioned that similar engines are 
already in use in the fire brigades of Liverpool, 
Brighton, Portsmouth, Plymouth, Tottenham, Ley- 
land, Heston, and Isleworth, and other British towns, 
as well as a number abroad. 


> 7 Pp 
ARON ELECTRICITY METER. 


We have received from The General Electric Co., 
Ltd., 71, Queen Victoria Street, E.C., a pamphlet 
describing the latest form of Aron Electricity Meter 
made by that firm. Within the last few years the 
Aron Meter has been very much improved; the 
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ACCURACY AT VARIOUS LOADS. 


The meter was tested for accuracy throughout the 
following range, and the errors found were -as 
follows :— | 


Load Expressed as Per- 


centage of Full Load. Error. 
125 per cent. 0°10 per cent. fast. 
100 33 * * be O'I5 29 ээ 
50 99 : е O'I15 39 39? 
25 э” 9 0°25 39 „э 
10 39? е ` е 0°45 39 э» 
I 23 е 3°50 29 29 


THE EFFECT OF VARYING THE PRESSURE. 


The meter was run, passing about 1,000 watts, at 
three different pressures, namely 150, 100, and 
70 volts. 

At 150 volts the meter registered 0°1 per cent. less 
than at the normal voltage, and at 70 volts O'I per 
cent. more than under normal conditions. 


Industríal Progress 


VULCANISING MOTOR-CAR TYRES. 


Ir is not the first cost of a car that keeps people from 
taking up motoring as a pleasure, but the annual cost 
of keeping it roadworthy ; or, in other words, the 
very serious expenditure needed for tyre repairs. 
Messrs. Harvey Frost апа Co., Ltd., 39, Great 
Eastern. Street, London, E.C., have placed on the 
market an outfit for repairing and vulcanising tyres. 
The use of this appliance can be understood from the 
following description. Let us take, for instance, a 
serious injury to a tyre, such as a burst five inches 
long. Instead of putting an ugly and cumbersome 
patch over the damaged portion, the edges of the 


FIG. 7.—PORTABLE APPLIANCE FOR VULCANISING 
TYRE. 


gash are cleansed, trimmed, filled with **H. F." 
Plastic Compound, and placed in the vulcaniser ; 
the repair is then ‘‘cured” for a sufficient time by 
heat generated by steam. Subsequently the tyre 
comes out whole, with the repaired portion almost 
indistinguishable from the rest of the rubber. The 
repair is made with pure virgin rubber vulcanised in 
the manner employed in the manufacture of rubber 
tyres for over twenty years. The vulcaniser is 
9 X 6 x 6 inches in dimensions, and its weight com- 
plete is less than 20 lbs. There is absolutely nothing 
to get out of order, and any person of average in- 
telligence can use it. It can be readily carried on 
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Fic. 8—SECTIONS THROUGH REPAIRED 
TYRES. 


any motor car, and thus the necessity for carrying 
spare tyres is entirely obviated. 
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THE INSTALLATION OF AN ECONOMIC 
COAL-HANDLING PLANT IN A MODERN 
GASWORKS. 


'THE unique design of coal-handling plant, for which 
the Lea Bridge District Gas Company have placed 
the order with Messrs. Graham, Morton and Co., 
Ltd., Leeds, is to be constructed to the plans of 
Mr. F. W. Cross, A.M.LC.E. The plant is very 
complete ; it is, moreover, simple in conception, and 
promises to be effective in operation. A hydraulic 
waggon-tipper is provided, capable of dr the 
ordinary standard railroad waggon to an angle of 46°. 

The waggon-tipper is suitable for.a working 
pressure of about 700 lbs. per square inch. The 
hopper is fitted with a flat-bar screen on the top, so 
that all the large coal can be broken before passage 
to the elevator. ‘The under side is arranged to 
accommodate a jigger feeder for regulating the supply 
of coal to the elevator. The elevator is of the 
cased-in type, ‘he dimensions being 18 in. and 
45 ft. betwee: centres. It is provided with a 
breeches shoot at the head, with flap-door, and levers 
for operating same. + 

The band conveyor is of the 16 in. standard t 
106 ft. between centres, and capable of conveying 
25 tons of coal per hour, at a normal speed of 200 ft. 
per minute. 5 

A standard travelling. throw - off carriage, for 
delivering the coal on either side of the conveyor, is 
to run the entire length of the stores. "The friction- 
gear is so arranged as to admit of the carriage running 
in either direction, as required. Hs 
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THE LANCASHIRE PATENT BELTING AND 
HOSE COMPANY, LTD. 


IN LIQUIDATION. 


Messrs. Е. REDpDAWAy & Co. have purchased the 
business of The Lancashire Patent Belting and Hose 
Co., Ltd., lately carried on at New Bridge Street, 
Strangeways, Manchester, together with the goodwill, 
stock-in trade, trade marks, etc. 

The manufacture of hair belting, known as the 
** Lancashire," and other specialities of the Lancashire 
Belting Co., will be continued, and purchasers may 
rely upon receiving the identical goods, under the 
same marks as formerly supplied by The Lancashire 
Patent Belting and Hose Co., of which Messrs, 
Reddaway & Со. are now sole proprietors. 

This branch of the business will, from date, be car- 
ried on under the management of Mr. S. J. McMechan, 
formerly proprietor of The Lancashire Patent Belting 
and Hose Co. 


Industríal Progress 


PROTECTION FROM X-RAY BURNS. 


THE dangers incurred by an operator continually 
using X-ray apparatus were described in the February 
number of TECHNICS, p. 109. Messrs. Harry W. 
Cox, Ltd., have placed on the market a simple yet 
effective X-ray shield which not only removes all 
danger of the operator, but also allows the rays 
to be directed as required. The part of the X-ray 


tube from which the X-rays usually emerge is covered 
with a shield made of a special rubber composition 


Еіс. 9—Cox's X-RAY SHIELD. 


which has been carefully selected from the results of 
‘extended experiments. Lead glass tubes or stops fit 
into this shield ; the lead glass entirely stops the 
X-rays, and they are thus only allowed to pass 
‘down the axis of the tube, which may be directed 
on to any desired point. Since the shield is pliable 
and soft, there is no danger of breaking the tubes, 
as there was with the glass shield previously in use. 
There is no metal anywhere about the shield, and 
consequently the tendency to perforate the tube is 
avoided. No special stand is necessary, as the tube 
со e by the shield in any ordinary 
tube holder. 
>> у 


MORGANITE CARBON BRUSHES. 


AT the present time all large generators are provided 
with fixed brushes, which must be made of some 
substance such as graphite, which interposes an 
appreciable resistance at the contact between the 
brush and the commutator segments. It has been 
proved, however, that where the resistance is chiefly 
required is at the edge of the brush which leaves 
the commutator segment; resistance at the other 
*dge of the brush is not only unnecessary but 
harmful. For these reasons brushes are made by 
the Morgan Crucible Co., Ltd., Battersea Works, 
London, which are constructed so that the contact 
resistance between brush and commutator is very 
low at one edge and higher at the other, the re- 
‘sistance being graded between the extremes. The 
low resistance side can be distinguished by the fact 
that the coating of copper extends over its entire 
surface, while the high resistance edge has a coating 
only on that portion usually making contact with the 
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AUTOMATIC FIRE EXTINGUISHER. 


AUTOMATIC devices for extinguishing fires are of the 
greatest possible utility, provided they are certain in 
their action and do not require constant attention. 


The ** Expansion " Sprinkler and Fire Alarm, made 
by The Expansion Sprinkler Syndicate, Ltd., 66, 
Hatton Garden, E.C., appears to fulfil these require- 
ments. A test recently carried out at the works of 
Messrs. William Fiddes & Sons, Ltd., Torry Saw 
Mills, Aberdeen, and witnessed by the Lord Provost 
Walker, and a committee of influential citizens, proved 
perfectly satisfactory. 
A copper wire is employed to hold a weighted lever 
in position by means of a small trigger. Опе 
end of this lever encircles a glass bulb, which 
is in direct communication with the sprinkler 
pipe, and is carried in a '* head" of the usual 
form. When the copper wire is exposed to a 
rise of temperature, due to an outbreak of fire, 
the expansion and consequent slackening of the 
wire releases the trigger ; the weighted lever, 
falling, snaps the glass bulb, and the sprinkler 
is open. The expansion sprinkler is worked 
on the dry-pipe system, but without the re- 
cognised disadvantage of requiring compressed 
air in the sprinkler supply pipes. The danger 
of frost acting upon the wet-pipe system, and 
the certainty of eventual corrosion and scale, 
are too well known to require special mention ; 
although the alternate dry-pipe system, which 
is frequently used, and in which the water is 
kept back by means of compressed air, has 
distinct advantages, it undoubtedly has its own 
drawbacks. The problem of constructing a 
dry-pipe system with no compressed air in the 
sprinkler pipes has, heretofore, baffled solution, 
but the inventors of the ** Expansion" claim to have 
successfully solved it. Combined with the sprinkler, 
a fire alarm operates simultaneously ; and it is claimed 
that the complications arising from excessive length of 
electrical wiring, multiplication of electric contacts, 
with the risk of their failure from dust or dirt, and the 
number of different batteries, with all the uncertain- 
ties attaching to the arrangement, have been overcome 
in the case of the ** Expansion" alarm. 


P 9»? 
THRELFALL'S GAS-VELOCITY GAUGE. 


IN many industries it is necessary to measure the 
flow of gas through a tube with a fair degree of 
accuracy. In the past this has been a matter of 
considerable difficulty, since ordinary meters would 
have to be much too large in order to measure the 
volumes of gases frequently used. Mr. Threlfall has 
perfected an arrangement for measuring the velocity 
of a gas, which is made by the Cambridge Scientific 
Instrument Company. This apparatus comprises two 
tubes, which enter into the pipe through which the gas 
flows, one tube (Fig. 10) being straight and perpen- 
dicular to the length of the tube, and the other bent 
at right angles, its open end facing the flowing gas. 
Each tube is connected with a separate vessel, as 
shown in Fig. 10; the lower parts of these vessels are 
put into communication by a pipe, and contain water. 
It will be seen that the gas in the bent tube (called 
the Pitot tube) must be at rest ; and as the gas flowing 
up to its mouth has a velocity, say v, the pressure 
inside this tube must be such as would in itself 
generate a velocity equal in magnitude but opposite 
in direction to v. Hence the difference of level (4) of 
the water in the two vessels must be such that— 
vs —2ghorvc- д 2470. 

А research recently carried out at the National 

Physical Laboratory shows that, in practice— 
= I'o32g4A. 

(see p. 303.) 
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FIG. 10.—THRELFALL’S GAS-VELOCITY GAUGE. 


When oil of density 4 is used in place of water, the 

velocity is given by the equation— 
v = 1'03%/2 24А. 

In Threlfall’s arrangement the vessels containing 
the water or oil are provided with micrometer screws 
which can be adjusted so that their points just touch 
the surfaces of the liquid ; hence the head of water 
can be accurately measured. The micrometer screws 
and the water-gauge are shown separately in Fig. 11. 
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THRELFALL’S GAS CALORIMETER. 


SOME years ago the value of coal gas depended almost 
entirely on its luminosity when burned, but at the 
үке: time the use of mantles has rendered the 
uminosity of the gas much less important, while the 
calorific value needs to be carefully taken into con- 
sideration. The increasing use of gas as fuel for gas 
engines emphasises this aspect of the question still 
more. Hence an apparatus for continuously measuring 
the calorific value of a gas has been greatly needed, 
and this need has been met by Mr. Threlfall in the 
apparatus shown diagrammatically in Fig. 12. 
The gas, after passing through a governor and 
a meter, is burnt at the bottom of a vertical 
tube lagged with a non-conductor of heat. The 
waste gases from the flame rise through the 
interior of this tube and heat water which 
descends through a zig-zig tube in the manner 
shown. Theflow of water is carefully regulated 
so as to be constant, and its temperature before 
and after receiving heat from the waste gases 
of the flame is recorded from moment to 
moment by means of platinum resistance ther- 
mometers connected with a Callendar recorder. 
'Thus the heat communicated to the water in a 
given time becomes definitely known; and 
since practically the whole of the heat from 
the flame is imparted to the water, the calorific 
value of the gas which is burnt can be de- 
termined. н 
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IMPROVED BASE FOR MOUNTING 
TROLLEY ARMS. 


THE trolley-arm base represented in Fig. 13 
is made by Messrs, Harper, Phillips and Com- 
any, Limited, of Albion Foundry, Grimsby. 
his base is for attaching to the covered decks 
of tramcars, and is made with a total height 


the base-plate, thus allowing the 
largest amount of clearance for pass- 


so designed that the same pressure 
is exerted on the trolley wire at the 
highest and lowest levels of the. 
arm. This constant pressure is 
obtained in the following manner. 
As the spring force increases by com- 
pression, it is arranged that its lever- 
age of action on the pivoted arm shall 
proportionately diminish as com- 
pression increases and vwice-versd, 
thus enabling a nearly constant 
moment of effort to be maintained. 
All parts of this base are constructed 
of cast steel ; the wearing parts, which, 


consist of a double ball race at’ 


the top and the bottom of the. 
vertical axis, are carefully hardened. 
The bottom ball race is made as large as six inches in 
diameter. All the bearing parts can be adjusted by 
screwing the cap, which can be locked at any required 
position. Опе lubricator supplies lubricant to all the. 
bearing parts. When required, this base is supplied 
with an electrical insulated contact, which allows the. 
trolley arm to be spun round and round the vertical, 
axis without twisting the cable. 
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HUMIDIFYING AND DUST-COLLECTING 
PLANT. 


FIG. 14 represents a humidifying and dust-collecti 

plant recently patented by T. Barron, of 25, Whitekall 
Road, Leeds, and S. Kitson Green, of 53, Bruce 
Street, Wellington Road, Leeds. The dust-laden air 
is driven by a fan into a vertical shaft provided with 
batfle-plates, over which a continuous stream of water 
flows. Thus the air has to pass through several sheets. 
of water, and so becomes thoroughly humidified, 
while all the dust and dirt is removed kon it. This 
plant has been specially designed to provide a self- 


Fic. 11.—MICROMETER TUBES FOR THRELFALL’S 
VELOCITY GAUGE. 
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only of 4 ft. from the underside of- 


ing under low bridges. "The base is. 
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‘contained apparatus, of simple and durable 
‘character, whereby the dust-laden air from 
malt-dressing and other similar machines may 
be effectively cleansed and purified. 
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ADVERTISING BY "NEW TWINK- 
LING SOCKET." 


ADVERTISING by means of an effective electric 
sign has been greatly handicapped up to the 
present time by the high initial cost of the 
installation suitable for this purpose, on ac- , 
count of the expensive automatic switches 
required and the large amount of wiring 
necessary. The Electrical Company, Ltd., 
121-125, Charing Cross Road, London, W.C., 
have lately put on the market a special socket 
which obviates the necessity for special instal- 
lation, thereby reducing the first cost to an 
absolute minimum. This special socket is one 
that can be fixed into ordinary lampholders, 
and can be used for incandescent lamps of 10 
or I6 c.p. and 110 or 220 volts. The socket 
is such that when the current is switched on, 
ach lamp is cut in and out quickly and con- 
tinuously at equal intervals of time. If the 
complete sign is fitted with a number of these 
special sockets, a most effective result is 
obtained, each lamp being cut in and out 
independently of every other lamp, the eflect 
being that the whole sign appears to be 
twinkling or flickering. 


P Pp p 
SEAHAM HARBOUR CONTRACT. 


MESSRS. GRAHAM, MORTON & Co., Engineers 

and Contractors, have just secured the contract for 
the installation of an extensive boat-loading plant 
for Seaham Harbour. ‘There are several interesting 
features about this coal-handling plant, and a full 
description of its design, construction, and erection 
would doubtless be of interest to our readers when 
the carrying out of the order has been accomplished ; 
this we hope to give in a future 
issue. It is sufficient here to ob- 
serve that, by an arrangement of 
the eight coal shoots constituting 
part of the design, an allowance 
is made for the rising and falling, 
occasioned by the tide, of the boat 
loading up. 
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FIG. 13.—IMPROVED TROLLEY-ARM BASE. 
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Fic. 12. —THRELFALU'S RECORDING GAS CALORIMETER. 


A RULER FOR TECHNICAL INSTITUTIONS. 


Messrs. RELFE BROTHERS, LTD., of 6, Charter- 
house Buildings, E.C., have placed on the market a 
very useful boxwood rule, which should be largely 
used in all technical institutions. The rule is divided 
into inches and centimeters, the inches being again 
divided into eighths, tenths, and twelfths, and the 
centimeters into millimeters. The rule is ten inches 
long. Considering the low price at which it is 
offered, namely, 48s. per gross, it may fairly claim to 
be the cheapest rule of the kind on the market, 
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AIR COMPRESSORS. 


Messrs. LACY, HULBERT & Co., Ltd., have for- 
warded us leaflets describing their Boreas Patent Air 
Compressors, which are characterised by small weight 
and dimensions, simplicity of design and efficiency, 
and silence of running. The same firm supply portable 
electric drills, which should be very useful for drilling 
holes in machinery, boilers, bridges, roofs, etc., where 
an ordinary fixed drilling-machine cannot be used. 
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| iz ELECTRIC LIFTS. 

- |. |& Messrs. ARCHIBALD SMITH $ 
mits -o| 9 STEVENS, Janus Works, Queen's 
M) My = Road, Battersea, forward us а most 

Т | interesting pamphlet dealing with 
| ‚© " . : "HP E 
4, Xy electric lifts. Much original informa- 


tion is given, of a character not 
usualy published. — All tables are 
brought up to date. The first part 
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! 
FIG. 14.—H UMiDIFYING AND DUST COLLECTING PLANT. 


of the pamphlet deals with the subject of lifts from 2 
scientific and engineering point of view. 
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THE CLINOGRAPH. 


THE Clinograph is a set square made in two parts. 
One part comprises the two rectangular edges, while 
the other part, termed the //ac, is hinged to the rest of 
the appliance, and forms the inclined edge. With 
one of the fixed edges resting against the T-square, 
the blade can be readily set to any required position, 
and the friction at the hinge is sufficient to hold the 
blade firmly in position while in use. For drawing 
parallel lines it is slid along the T-square to any 
part of the drawing paper. For perpendicular or 
symmetrical lines, after being set, it is turned with its 
other edge against the T-square, or with its other 
face on the paper, as the case may be, after which it is 
slid into any position as before. Since one edge 
always rests against the T-square, the discomfort 
attending the ordinary methods of drawing inclined 
lines is avoided, and such work is greatly facili- 
tated, whilst at the same time greater accuracy is 
secured. It is very useful for drawing section 
lines and for shading generally. The Clinograph 
is made by Messrs. W. Н. Harling, 47, Finsbury 
Pavement, Е.С. 
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A NEW TIME-LIMIT SWITCH. 

At the Holborn and Finsbury Electrical Exhibition, 
on the stand belonging to Messrs. Johnson & Phillips, 
was exhibited a novel form of overload time-limit 
switch made by Messrs. Griffiths & Biliotti. A heating 
coil, in series with the current to be controlled, is. 
placed in a brass cylinder, along with a reservoir with. 
an elastic diaphragm. The reservoir is closed and 
contains ether. Heat radiated from the coil causes: 
the ether to expand, and when the heat radiation, 
attains a certain definite value, a rod attached to the 
diaphragm of the reservoir is moved outwards far 
enough to trip the switch. Normally 3} watts are 
dissipated by the coil. With a 25 per cent. overload. 
a switch opens the circuit within a range of.from. 
twenty to sixty minutes, according to requirements, 
With a 50 per cent, overload the circuit is opened in 
seven to twenty minutes. With IOO per cent. over- 
load the circuit is opened in five minutes. 
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NERNST LAMPS. 

THE Electrical Co., Ltd., 121-125, Charing Cross Rd., 
W.C., have just issued their latest catalogue dealing 
with improvements in the Nernst lamp. The lamp it- 
self and its various fittings are fully described. The 
same firm issue a number of leaflets illustrating theappli- 
cation of electric driving to weaving mills, the various. 
accessories for this purpose being fully dealt with. 
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LECTURE -NOTES AND HOME EXERCISES, 


— —Фф-— 


e * , 


Bv FRANCIS C. FORTH, Assoc. R.C.Sc.l., Principal of the Municipal Technical 


Institute, Belfast. 
——4——— 


T is generally conceded that At the conclusion of the lesson it is usual to 
students should prepare and set exercises which the students are expected 
retain a written record, more to work at home, where also such notes as 
or less complete according possess a permanent value are transferred bv 
to circumstances, of the in- the student from his rough notebook into а 
struction given at lectures. book of more enduring form. At the next 
In addition, the majority of meeting of the class the exercise book is 

teachers of science and technical subjects handed to the teacher, who gives the student 
consider it desirable that some time outside a fresh set of home exercises, which, with the 
class hours should be devoted to answering accompanying notes, are then entered in a 
questions and working out calculations: this second book. This latter book is handed to 
is particularly desirable in the case of evening the teacher at the succeeding lesson, when 
classes, since there the teacher, as a rule, has the first book is returned, corrected, to the 
-an all too limited time at his disposal for student. If a student attends classes in a 
imparting instruction, and consequently every number of subjects, he requires a couple of 
lesson, if it is to be thoroughly effective, home work books for each; thus the number 
must be reinforced by strenuous effort at of books he requires may become incon- 
home on the part of the student. This home  veniently large. Ап obvious disadvantage 
work should be executed on some plan arising from this alternation of home work 
possessing the merit of being at once books is that, as the notes of lessons are 
systematic, convenient for the student, and not consecutively arranged, thev are, as a 
admitting of ready checking and verification consequence, unfavourably placed for ready 
by the teacher. reference. | 

"The method commonly used does not lend It is customary for teachers to insist upon 
itself to a satisfactory solution of the last- a specified pattern and size of book being 
named condition, vs., the preservation of used for home exercises ; should no regula- 
the notes in a form which can be readily tion exist upon this point, the difliculties of the 
examined by the teacher with the minimum of teacher are much increased, owing to the 
inconvenience. The practice pursuedin many miscellaneous assortment of books that are 
evening classes is somewhat as follows :—— handed in. As to the use of books at all, 
The student takes down notes of the instruc- various objections exist. Evening students 
tion given in a book, which may be of a who are compelled to proceed direct from 
pattern adopted generally throughout the work to their class, owing to lack of time 
institute, or, where no regulation as to pattern to go home, find that books are trouble- 
exists, the book may be of any size or shape. some to carry, the result being that the 
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worked exercises are often left at home. 
The teacher, too, finds the handling of a 
collection of thirty or forty such books no 
light matter ; the mere carrying of them is 
a labour, whilst opening them at the proper 
pages in order to examine the work occupies 
a considerable time. Further, in the case of 
teachers who find only part employment at 
technical institutes,the home work books have 
either to be taken home by the teacher for 
examination and correction, or thev are left 
at the institute, and the exercises checked at 
some time less convenient than could be 
chosen if the students' labours were at hand 
throughout the week. 

The difficulties just detailed Rave made 
themselves markedly felt at the Municipal 
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FIG. 1, —WRiTING. BLOCK. 
Technical Institute, Belfast, since its estab- 
lishment in the year 1901; the resulting 
inconveniences became so great with the 
rapid increase in the number of students 
(now nearly 5,000), that at the beginning 
of the session 1903-1904 it was decided 
to adopt a uniform system of dealing with 
lecture notes and home work exercises in all 
classes which could be brought under a 
uniform system. 

As the plan followed has proved thoroughly 
satisfactory, it is thought that a brief ac- 
count of the system may be of interest to 
the readers of TECHNICS. 

With the object of obviating the disad- 
vantages incidental to the use of books, it 
was decided to make use of some arrange- 
ment of separate or at least easily detachable, 
sheets, provided that the drawbacks inci- 
dental to the use of loose sheets could be 
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overcome. The first step was to obtaina 
quantity of blocks or pads resembling those 
used by artists. An illustration of one of 
these blocks is shown in Fig. 1. Some ot 
the upper sheets have been folded over, the 
better to display the general arrangement. 
Each block is composed of 100 sheets of 
unruled paper, of a quality about equal to 
that of ordinary note paper. The sheet: 
measure 81' x 6£',a size of paper known to 
stationers as ''lapost 6-mo." The sheets 
are glued together along the top edge, allow. 
ing them to be stripped off one at a time 
The blocks are stiffened by a backing o f 
strawboard. Students who find difficulty ir | 
keeping their writing equally spaced and in 
straight lines can place a ruled sheet supplied 
to them under the unruled page. |! 
the home work exercise necessitate: 
the making of a sketch, then line 
might be inconvenient, and in that 
case the loose sheet is removed ani 
the plain sheet is ready for sketchinz 
upon. As shown in the illustration, 
each sheet is punched with two holes, 
to enable it to be filed, in a manner 
explained later on. 

The method of dealing with home 
work questions is as follows :—Each 
week the teacher sends to the office 
the draft of the questions which te 
purposes setting for his class. Th 
number of copies specified by the 
teacher is then prepared, the typ- 
writing machine being used for cut 
ting a stencil, and the Neostyle for 
printing copies from this. The latter 
machine is rapid in its action, anc 
enables the copies to be produced with 
the minimum of trouble and expense. Itis 
calculated that the cost of stencil, typists 
time, paper, ink, etc., averages about eight- 
pence per set of homework papers prepared. 
The questions are printed on paper of th: 
same size as the sheets of the blocks, and 
are punched with holes for filing purposes 
At the ensuing lesson the questions are di~- 
tributed amongst the class. Ву this metho 


по time is lost in dictating questions, o 


writing them on the blackboard ; and, more- 
over, the teacher is assured that the students 
have correct copies of all the examples. 
When working exercises, the student сот- 
mences on the top sheet of the block. 
stripping off each sheet when filled, anc 
slipping the ruled leaf under the next sheet. 
Usually two or three sheets suffice for the 
questions set at any given lesson. The 
exercises completed, the student pins the 
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sheets together at the upper left-hand corner. 
The papers are then folded once, the student 


» makes the requisite endorsement on the back 


of the last sheet used, and at the succeeding 
lesson hands his work to the teacher. Thus 
the teacher obtains from his class a small 
bundle of papers, resembling a number of 
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Fic. 2.——To ILLUSTRATE METHOD OF FILING. 


sheets of notepaper. This bundle can be 
quite easily put into the breast pocket of 
the coat. When these papers have been 
examined and marked, they are returned to 
the student at the following lesson. 


" The student is expected to take 


them home, and to file them in the 
manner now to be described. 

The filing cover used is shown in 
Figs. 2and з. The cover is made 
of stiff paper and has a hinge H е 


(Fig. 2), to the back of which аге ` 


secured two. flexible metal pins P 
and P, (Fig. 3). The letters MM 
indicate a metal binding piece, 
whilst G and G, are metal guards 
holding the pins flat against the 
binding-piece. The filing opera- 
tion is exceedingly simple. The 
guards G and G, are slipped along 
the binding piece in the directions 
shown by the arrows, when the 
pins can be bent upright and the binding-piece 
littedoff. Next, the sheetstobe filedare turned 
face downwards and threaded on to the pins, 
the binding-piece is replaced, the pins bent out- 
wards and downwards, and the guards slipped 
back into position so as to lock the pins: the 
whole operation takes only a few seconds. 
These files were made for us to a special size 
by the Stolzenberg Patent File Company. 
The question of whether notes taken in 
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class should be re-copied into a home work 
book is one on which some difference of 
opinion exists amongst teachers. On ac- 
count of the time required, the practice of 
re-copving lecture notes is not encouraged 
at this institute. Students are advised to 
take their notes of lectures on the sheets of 
the block, and to subsequentlv 
file them, the order of filing for 
any given lesson being as fol- 
lows: (1) Lecture notes ; (2) 
home work question sheet; (3) 
worked exercises. This gives a 
complete history of each lesson. 

The attachment of the sheets 
by this filing process is found 
quite satisfactory for all ordi- 
nary purposes. Of course, if a 
student at the close of a course 
of lectures desires to have his 
notes bound in regular book 
form, it is quite easy for him 
to have this done. 

It was thought at firstthatthe 
svstem, being an innovation, 
might not be taken up readilv by 
teachers and students ; but the 
convenience of the method has been so great 
that the students now like it verv much, and 
the teachers are well satisfied with it. Looked 
at trom the student's point of view, it will be 
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FiG. 3.—DETAILS OF METHOD OF FILING. 


seen that the purchase of one block at the 
opening of the session provides the necessary 
preliminary supply of paper for all the classes 
joined : formerly it was obligatory to buy two 
home work books for each subject, in addition 
to the general notebook, at the beginning of 
thecourse. From the teacher's point of view, 
the convenience of handling the papers is 
very great, and this in itself has sufficed to 
commend the system to the teaching staff. 


STOLZENBERG FILES 
HOMEWORK EXERCISES 
EXAMINATION |. PAPERS. 


THE STOLZENBERG SYSTEM 


Is used by the leading firms all over the country, by Н.М. GOVERNMENT, by the MUNICIPALITIES 
of the U. K., bv the County Council Education Committee, by the Board of Education, ete. 
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The STOLZENBERG FILES 


Have proved a great Баба to Technical Institutes, High Schools, University Colleges, Рго- 
fessors, Literary Men, &C.  Thev can be adapted to the filing of every kind of record, and 
are made in various sizes to meet individual requirements. ‘he SIX COLOURS in which 
the Files are supplied help to methodically classify papers, and are an ideal means for 
organising purposes. The SYSTEM will adapt itself exactly to the individual requirements 
of YOUR department. 

Professor J.J. Findlay, of the Manchester University, writes re Exercise Files: ** The Files 
will meet a great demand.” 

Professor T. Turner, of the Birmingham University, writes: * I find the Stolzenberg 
Files very convenient. for classify ing pamphlets and ‘similar metallurgical literature for 
reference in my department.” 

Professor G. Sims Woodhead, of the Cambridge Unive ERAN: writes: “I am very pleased 
with the way in which we are able to keep our papers now, The system is simple and lends 
itself to my work." 


THE HOMEWORK EXERCISE FILE is fully described in the article on LECTURE 
NOTES апа HOME EXERCISES, by Francis C. Forth, A.R C.Sc.l., Principal of the 
Municipal Technical Institute, Belfast, which appeared in the November Number 
of " Technics," and is reprinted on previous pages. 


Full Particulars on this SYSTEM, comprising Cabinets and other Labour-saving Devices, 
will be aladly «eat on application to 


THE STOLZENBERG PATENT FILE Co. 
50 & 52 Bishopsgate Street Without, LONDON, E.C. 
TEL. No. 2270 CENTRAL. , TEL. АО. : " CESARIANO." 


C. LINDLEY & C0., LTD., 


CHARLES D. PHILLIPS, „гїї. 
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PAER ENNE CELLS 


Of High  Sensitiveness to 
) Light (Resistance in the Dark 
100,000 Ohms, in Sunlight 
10,000 Ohms), flat (after Sie. 
mens’ pattern), cylindrical 
(after Ruhmer’s design), con- 
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у of ге of. English Manufacture. 


ical (our own pattern), Highly 

Drawing Pens, | Bow Compasses, Dividers, sensitive relays (as figured), 

Half Sets, Spring Bows, Beam Compasses, Apparatus for demon- 

Drawing Scales, in Boxwood and Ivory, stration of the Sensi- 

Set Squares, Tee Squares, Boards, tiveness of Selenium 

Tracing Papers and Cloths, to Light, and complete 

| apparatus for demon- 

Lee's Patent Roller Attachment for Tee Squares, strating wireless tele- 
Slide Rules, Calculating Circles, &c. ] phony by light. 

ILLUSTRATED CaTALOGUE will be sent by gost on application j n—— 


W. H. HARLING, Manufacturer, ILLUSTRATED PRICE 


47, FINSBURY PAVEMENT, LONDON, E.C. List ON APPLICATION. 
Works: Hackney, N.E. Established 1851. C. F. ADOLPH & СО. „ы. ore 
—...—.—-—-—-—-—-—  ————+—— 


| ALUMINIUM RECTIFIERS 


For charging any class of Accumulators, direct from alter- 
nating mains. Works on any peridicity or voltage. Action 
absolutely infallible. No moving parts. High efficiency. 
Requires no attention. Made in four sizes: 

No. 1, to charge at + Ampere. Price 17s. 6d. 

No. 2, to charge at 2 Amperes. Price £330 

No. 3, to charge at 4 Amperes. Price £550 

No. 4, to charge at 6 Amperes. Price £880 


PARTICULARS—Write or call at Messrs 


Й STEWART,LIVETT & C? 
62, Theobalds Road, W.C. 


TELEGRAMS : í 


- Gordon Works, WEST EALING, W. 
| || Electrical and other Instruments of Precision. 


PRICES: 


* STUMP” Galvanometers. | £ -5g 


Very Sensitive and Mechanically Perfect. 
* COLUMN” Galvanometers. | 27-1 0 9 


Unrivalled Electrically and Mechanically. 


“STUMP.” LIBERAL DISCOUNTS AND FREE MAINTENANCE GUARANTEE. 
i 


Further detalls of any of the following books, 
wili be supplied free to readers of TECHNICS by 


or information concerning technical works in any language, 
the Editor of the Bibliographical Department. Stamp 


should be enclosed for reply. 
ABBREVIATIONS USED. 


FIG. = FIGURES, Fr. = FRANC. 
ILLUST, = ILLUSTRATIONS. KR. = KRONER, 
М. = MARK, P. = PESETA. 


Lr»rzc. = LEIPZIG. 
N.Y, = NEW YORK, 
SD, = SEWED. 


= PARIS. 
= LONDON. 
= BERLIN. 
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When not otherwise stated, the prices given are for bound copies. 


Architecture, and Sanitary Sciences. 
CRITCHLEY, H.—Aids to the Study у; Sanitary Law. 


L. Bailiére. 
MACMORRAN and WILLIS.—Sewers and Drains. 
(L. Butterworth. 
NEWMAN, G.—Bacteriology and Public Health. 
(pp. 518. L. Murray. 215. net.) 
PHIPP, Е. W.—Architects' and Engineers’ Contract Book. 
Obl. folia, тоо forms. (Z. Simpkin, 75. 6d. net.) 


Chemistry and Physics. 
AUSCHUTZ, R.. and В. SCHULZE.— Das chemische In- 
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New York. 


The Editor does not hold himself responsible for any MSS., Photographs, or Drawings submitted to 


him, but when stamps are enclosed he will endeavour to return those contributions of which use cannot 
be made. Typewritten MSS. are preferred. 
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The following are some of the Articles included in 


Price Vol. 1 of Price 
«sc TECHNICS == 


Shadows. By the Right Hon. Lord RAYLEIGH. 


Experiments on an Air-Cooled Petrol Motor. ву 
Prof. H. L. CarraNpaR. 


Technical Education at Home and Abroad. By sir 


WILLIAM WHITE. 
The Continuous Current Dynamo. вун. M. новлкт. 
Textile Design and Manufacture. By Prof. ROBERTS 


BEAUMONT. 
Radium. By EpwiN Epser. 
Incandescent Gas Lighting. ву нлкор M. Воп. 
Metallography. ву A. н. Hiorns. | 
Fibrous Constituents of Paper. By Crayton BEADLE. 
Electro-Chemical Industries. ву J. B. C. Kersuaw. 
Theory of Structural Design. By E. FIANDER ЕТСНЕ ts, 
The Modern Motor Car. By Witrrip J. LINEHAM. 
The Micro-Structure of Metals. ву Percy Loxcmum. 
The Periodic Arrangement of the Elements. в, 


Sin WiLLIAM RAMSAY. 


Answers to Queries on Science, Mathematics, and 
Technical Subjects. Notes on the latest developments 
in Science and Technology. 


624 PAGES. 625 ILLUSTRATIONS AND DIAGRAMS. 


May be obtained to order from any Bookseller, or from the Publishers, 
GEORGE NEWNES, LIMITED, 3 to 12, SOUTHAMPTON STREET, STRAND, W.C. 
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PROTECTED.) 


FOR SALE. 


30 moving coil ammeters and voltmeters. 
6 moving coil reflecting and pointer galvano- 
meters. 
8 hot wire ammeters and voltmeters. 
50 electromagnetic ammeters and voltmeters. 
60 dynamos and motors, direct and alternating 


current. 


40 ironclad regulating rheostats. 

20 transformers and choking coils. 

10 induction coils, 10-ineh spark. 
9 mercury jet breaks. 


Standard condensers, Wheatstone bridges, static machines, switches, 
cables, &c., by various makers, at low prices, 


(. BOWRON, 57, EDGWARE ROAD, LONDON, W. 


Please mention TECHNICS. 


SELENIUM CELLS 


Of High Sensitiveness to 
Light (Resistance in the Dark 

100,000 Ohms, in Sunlight 
10, 000 Ohms), flat (after Sie- 
mens’ pattern), cylindrical 
(after Ruhmer's design), con- 
ical (our own pattern), Highly 
sensitive relays (as ). 
Apparatus for demon- 
stration of the Sensi- 
tiveness of Selenium 
to Light, and complete 
apparatus for demon- 
strating wireless tele- 

phony by light. 


ILLUSTRATED PRICE 
List ON APPLICATION. 


©. Р. ADOLPH & CO, Pertenece 


ALUMINIUM RECTIFIERS 


For charging any class of Accumulators, direct from alter- 
nating mains. 
absolutely infallible. 
Requires no attention. 


Action 
High efficiency: 


Works on any peridicity or voltage. 
No moving parts. 
Made in four sizes: 


No. 1, to charge at + Ampere. Price 17s. 6d. 
No.2, to charge at 2 Amperes. Price £3 3 О 
No. 3, to charge at 4 Amperes. Price £550 
No. 4, to charge at 6 Amperes. Price £8 8 О 


PARTICULARS—Write or call at MESSRS. 


| STEWART, LIVETT & C? 
62, Theohalds Road, W.C. 


A. E. PODMORE & C^ 


Specialists in Public Lighting, Manufacturers 
of all kinds of Gas Apparatus. 


Patentees of the Podmore and Thomas High-Power Recuperative 
Incandescent Self-Intensifying Gas-Lighting System. 


Suitable for Mills, 
Warehouses, Foun- 
dries, dusty positions, 
Entrance Halls, 
Billiard Rooms, 
Hotels, Schools, 
Private and Public 
Lighting, either 
ventilating or other- 
wise. 


Specially suited 
for Foreign and 
Colonial use, where 
Insects and Dust 4e 
Storms аге preva- 
lent. 


бл. Fig. б. 
BURNERS—Dust and Insect Proof. 


Gives the Highest Illuminating Power per cubic 
foot of Gas consumed yet obtained from low-pressure 
lighting. English made. Cast metal burner. No 
frail parts. All ourlampsare very substantially made 
and well finished. 


Please send Jor full particulars to 


CHARLES STREET, HATTON GARDEN, LONDON, E.C. 


LARK FISHER, 


Position. " 


Gordon Works, EALING, W. 


CANT VERTICAL CALVANOMETER BRACKET, 


SCALE, & LANTERN. 


METAL THROUGHOUT. 


Prices from :— 


Telegrams: * GALVO," London. 


No. I of the 


GRAND 
MAGAZINE 


Ie Now on Sale. Price 4)4. Net. 


E ASK YOU to do us the honour of perusing the first number, and, if it commends 
itself to your judgment and approval, to become a monthly subscriber. All those who 
have seen advance copies say it is the most interesting Magazine they have ever 
opened. The only complaint they have is that the price ought to be 62. and not 444., 

as it is well worth he former, and too cheap at the latter price. The reason 15 that, being an all letter- 

ress Magazine, we can produce it at a less price than is possible with THE STRAND- MAGAZINE, which 
is profusely illustrated on art paper. When you have bought the GRAND MAGAZINE make a point 
of reading it. You will enjoy it from cover to cover. Don t look at itin the same way as you do ordinary 
magazines, but READ EVERY WORD OF IT. Amongst other interesting features the First 
Number contains 


Cbe €xposure of tbe Immoralities of 
Women at Bridge 


This subject is very ably discussed from every standpoint. 


Che Cbeatre of tbe Future 


By G. BERNARD SHAW. 
The satirical humour which runs through the whole narrative cannot but be hugely 
enjoyed by every reader. 


Che Extra bands of tbe S.S." Pemesis" 


By MORLEY ROBERTS. 
** When a Ship is at Sea, who is the ‘ Boss ’—the Owner ог the Captain?” 


Real Experiences of the Supernatural 


The first of this series of unique Experiences appears in this issue. 


Che Japs and the Russians 


By ONE WHO LIKES THEM BOTH. 


Che Japs and the Russians 


By ONE WHO DISTRUSTS THEM BOTH. 
The salient features in the character of the two nations are admirably presented in 


NO. 1 OF THE 


GRAND MAGAZINE. 


NOW ON SALE. PRICE 43d. NET. 


GEORGE NEWNES, LIMITED, LONDON AND NEW YORK. 
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MINERALS 


Жыз, ALL van a 


Can be obtained at Moderate Prices from 
JAM ES R. GREGORY & C? 
are of леене Manufacture. 1, Kelso Place, 
Drawing Pens, Bow Compasses, Dividers, KENSINGTON COURT, W. 
Hair Sets, Spring Bows, Beam Corpaaees, FLEXIBLE 
Drawing Scales, in Boxwood and lvory, CURVES 
Set Squares, Tee Squares, Boards, Draughts 
Tracing Papers and Cloths, | эче Ж ed 
Lee's Patent Roller Attachment for Tee Squares, i, S Me айо m | “Те ch 
Slide Rules, Calculating Circles, &c. E 
ILLUSTRATED CarALOGUCE will be sent by post. on application. Ne. \ Ne BROOKS 
W. Н. HARLING, Manufacturer, “У = з, Рт 
47, FINSBURY PAVEMENT, LONDON, Е.С. о> 


Works: Hackney, М.Е. Established 1851. D Loxpox, W 


NERNST LAMPS. 


Send for New Catalogue 
Just Published. 


New Designs. 
Increased Discounts. 


Authorised Licensees and Agents for 


Supply to the Trade. 


DRAKE = GORHAM LT. 


Electrical, Mechanical, and Bpdraulic Engineers, 


66, VICTORIA STREET, WESTMINSTER, LONDON, S.W. 


Telegrams: ‘‘ Accumulator, London.” Telephones: 71 and 393 Westminster. 
Also at 47, SPRING GARDENS, MANCHESTER; and 
Baltic Chambers, 50, WELLINGTON STREET, GLASGOW. 


J. POOLE 6 СО. ma 


—— 104, Charing Cross Road, London. 
MATHEBATIAE 7. NEW AND... 
TL Booksellers SECOND-HAND. 


All inquiries as to Prices of Books in our VERY LARGE STOCK answered. 
Ф BOOKS BOUGHT. ® 


ii 


G. F. Watts at the Royal Academy. 


Daily Chronicle, January 6.—“ A volume of excellent reproductions of the chief works of G. F. Watts, R.A., has 
just been published by Messrs. Newnes in their ‘‘ Art Library." These reproductions, 64 in number, are made from 
Mr. F. Hollyer's well-known photographs, and are accompanied by a biographical sketch from the pen of Mr. W. К. West, 
and an essay on the art of Watts by the Italian critic Romualdo Pantini. Most of the pictures given here are on view at 
the Royal Academy Winter Exhibition, of which the book forms a timely and interesting souvenir. Its price is 89. 6d. net." 


Other Volumes of NEWNES’ ART LIBRARY. 
Now Ready. 3s. 6d. net. 


BURNE-JONES. Ву Мл: сом BELL. RAPHAEL. Ву EpGCUMBE STALEY. 

BOTTICELLI. By RicHuARD Davey. TITIAN. By MarcorM BELL. [-S&or/y. 

VELASQUEZ. By A. L. BALDRY. VAN DYCK. By Носн STOKES. 

CONSTABLE'S SKETCHES. Ву Sir | PAOLO VERONESE. By Mrs. ARTHUR 
JAMES D. LINTON, К.Т. BELL. 

SIR JOSHUA REYNOLDS. By A. L. | TINTORETTO. By Mrs. ARTHUR BELL. 
BALDRY. PUVIS DE CHAVANNES. By ARSENE 

GOZZOLI. By Носн STOKES. | ALEXANDRE. | [.Skortly. 

Studio.—“ Messrs. Newnes’ now celebrated series devoted to the great masters... excellently reproduced, and 


apparently considerable trouble has been taken to secure reproductions of some of the less known and least accessible 
ot the painters’ chief works.” 


ioni inti IMPRESSIONIST 
Impressionist Painting. ЩЫ 
By WYNFORD DEWHURST. ме 


With Eighty-four Illustrations in Monochrome, and 

Five in Colours, being Reproductions of the finest 

exampies of Impressionist Art from TURNER and 
CONSTABLE to the present time. 


Small folio, cloth extra - 25s. net. 


Daily News.—''An elaborate and beautifully-illustrated history of the move- 
ment, marked at once by an unqualified enthusiasm for the school and a profound 
knowledge of the work of its exponents." 


Collectors? Circular.—'' It is a fascinating story, written in a convincing style, 
by a man who knows his subject." 


Drawi by Great Mast 
rawings by Great Masters. 

The Drawings in this new series are reproduced on a large scale оп a page 11$ inches by 84 inches. The volumes each 
contain 48 Reproductions, many of them printed in tints, and of these four or five are mounted on a coloured paper in 


harmony with the tint-in which the illustration is printed. The volumes are bound in delicately tinted paper boards 
with vellum backs, with a beautiful design printed in three colours. 4to., 79. 6d. net each. 


BURNE-JONES. By T. Martyn. | HOLBEIN. By A. Lys BALDRY. 
ALBRECHT DURER. Ву Dr. Hans SINGER. 
Manchester Guardian.—'* Is sure of a welcome . . . the reproductions are printed with unusual care.” 


NEWNES' LIBRARY OF THE APPLIED ARTS. 


A series of volumes for those interested in the Applied Arts of the past, providing information of a really practical value 
to collectors and students. Particular attention has been paid to the illustrations, which are both numerous and of the 
highest quality, and include both monochromes and subjects in colour. Crown 8vo., cloth, gilt top, 79. 6d. net. 


DUTCH POTTERY & PORCELAIN. OLD ENGLISH FURNITURE. 
By W. P. KNOWLES. By FREDERICK FENN. 
NEARLY READY. 
ENGLISH TABLE GLASS. . ENGLISH EMBROIDERY. 
By PERCY ВАТЕ. By A. F. KENDRICK. | 


à -> Complete Illustrated Catalogue post free on application. 
GEORGE NEWNES, LIMITED, 3 to 12, SOUTHAMPTON STREET, STRAND, W.C. 
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Mathematical d Drawing Instruments. 
—- Best Make and Finish. 


Ø 
Compasses, Protractors, 
Rules, Scales, Curves, 
Set Squares, Dividers, 
Pentagraphs, 
graphs, Opisometers, 
Planimeters, Stencil 
Plates, Engineer's Sets, 
Drawing Boards, Bows, 
Calculating Slide Rule 
Centrolineads, &c., &c. 

| Ø 
Complete Price List on application. 


GLEW’S mrt SCINTILLOSCOPE | 


Shows a magnificent display of scin- 
NS tillations, showers of sparks, direct from 
pe the mineral Pitchblende, Radium, Polo- 
nium, Uranium, Thorium, or any radio-active 
substance; even a Welsbach mantle contains 
sufficient Thorium to excite the very sensitive 
screen of the Scintilloscope, which is. 
more sensitive than the Spinthari. 
scope. The Scintilloscope rivals 
| delicate Electroscope as a detector of 
A Alpha rap The eye sees an inexhaustible 
ЧО shower of stars of white light giving a very 
S9 realistic idea of the ceaseless activity of these 
97 marvellous substances. Glew's Scintilloscope, 
Superior Lens, with Extra-sensitive Pitchblende 
and Polonium Screens, fing brilliant effects, 
Complete, 77. 6d., post free. Pieces of Pitchblende mineral, und flat 
and polished, with Sensitive Screen attached, for use in Scintilloscope or 
with any strong pocket magnifier, from 25. 6d, each, according to size. 
Radium Bromide, 1,800,000 units, on hire for lectures. 


156, Clapham Road, London, S.W. 


PHYSIC 


Esdo- } 


C. LINDLEY & CO., LTD., 


34, Englefield Road, London, N. 


WILLIS'S PATENT 
WEDGE 


FOR HAMMER AND 
TOOL HANDLES. 


No More Heads Flying Off. 


No fresh wedges to make and no 
loose heads. 

This Wedge is equally useful for 

LZ AY securing the spokes of all kinds 

"Aen MN Lg of vehicles. 


Please Send for Full 
ticulars. 


Par- 


Section of Hammer Head, 
showing Wedge and Staple. 


PRICE 16 NET. 


NOTES ON ALTERNATE CURRENTS 


FOR STUDENTS. 


By HAROLD H. SIMMONS, A.M.I.E.E., 
Lecturer on Electro-Technics, Senior. Demonstrator ati 
| Finsbury Technical College. 


“The wording is simple and generally clear, and the illus- 
trations, many of which appear to be new, are 1 drawn. 
. . The work is well adapted to its purpose.” — Education. 


CASSELL & CO., LTD., LONDON ; and all Booksellers. 


The Survey Gazetteer of 
the British Isles. 


Topographical, Statistical, and Commercial. 
Edited by J. G. BARTHOLOMEW, F.R.S.E. With 
numerous Statistical Appendices, and 64 Special 
Maps in Chromo-Lithography. Imperial 8vo., cloth, 
175. 6d. net ; half-morocco, 217. net. 

The present work is based on the Census of 1901 
and the Ordnance Survey. It incorporates the 
substance of all the principal works on British 
Topography, Statistics, and Cómmerce ; it deals with 
nearly 50,000 different places, and is the only up-to- 
date and complete Gazetteer of the British Isles. 
The series of new maps is quite an atlas in itself. 


“ One of the most comprehensive and accurate works of its 
kind."— Pall Mall Gazette. 


*.* Complete Iliustrated Catalogue free on application. 


GEORGE NEWNES, LTD., 


3 to 12, SOUTHAMPTON STREET, STRAND, 
LONDON, W.C. 


Now READY. 


AL APPARATUS 


CATALOGUE. 


Most Up-to-date List in the 


F. 


Trade. Nearly Four Thousand Illustrations. 
Over 600 pages. | 


E. BECKER ё CO. 


(W. & J. GEORGE, LTD., S UCCESSORS), 


аз to 27, HATTON WALL, LONDON. 


Further details of any ot the following books, or information concerning technical works in any language, 


wiil be supplied free to readers of TECHNICS by the Editor of the Bibliographical Department. 


Stamp 


should be enclosed for reply. 


ABBREVIATIONS USED. 


Fic. = FIGURES, Fr. = FRANC. 
Irrvsr. = ILLUSTRATIONS, KR. = KRONER. 
M. = MARK. Р. = PESETA. 


Lrzc. = LEIPZIG. 
М.Ү. = NEW YORK. 
SD. = SEWED, 


Р. = PARIS. 
L. = Lonpon. 
B. = BERLIN. 


When not otherwise stated, the prices given are for bound copies, 


Architecture, and Sanitary Sciences. 


BAKER, M. М. — British Sewage Works and Notes on the 
Sewage Farms of Paris and on two German Works. 
(PP. 146. N.Y. “Engineering News.” $2.\ 
BUILDING CONSTRUCTION. —First Stage Questions. In- 
cluding the Papers set by the Board of Education, South 
Kensington, 1898-1904. Numerical Answers where required 
and Solutions to the тдоу Papers. Arranged by J. W. 
Marriott. New Series. (L. Simpkin, sd. 6d.) 
FERNOUSE, H,—Alinot et Christie, Petit Manuel Pratique 
de Construction. Troisième partie: Menuiserie, Bétons et 
Cimens armés, Marbrerie, etc, With figs. d. frs. 4.) 
LANSBERG.—Weegele u. Willmann, Lehrbuch der Tief baues. 
With 1471 Ilust. and complete index, 
(Pp. 782. L. Engelmann. эт. 23.) 
LEANING, J.—The Conduct of Building Work and the Duties 
of a Clerk of Works. A Guide to the Superintendence of 
Building Operations. 2nd Revised and Enlarged edition. 
(pp. 216. L. Batsford, әз. бй. net.) 
LUX, J. A.—Die Moderne Wohnung und ihre Ausstattung. 
With 173 Illust. and 8 coloured plates. 
(Ab. 175. Fienna. Wiener Verlag. 5. 8.) 
SCHMID, K.—Technische Studienhèfte. 4 Heft. Kalweit- 
Träger. With 150 Illust. and 9 plates. 
Wy 205. Stuttgart. Wittwer. m. 6.80.) 
STODDART, F. W.—On the Best Methods of Sewage Dis- 
posal for Small Communities. (L. .Simpkin. sd. 6d.) 
FAHN, H.—Baumaterialen-Lehre mit besondere Berücksichti- 
gung der badischen Baustoffe. 2° Aufl. 
(Ab. 150. Karlsruhe. Кеў. m. 3.) 


Chemistry and Physics. 


BOLTON, Н. C.—A Select Bibliography of Chemistry, 1492- 
1902. Second supplement. (55.462. L. Wesley. 78.6d. net.’ 


BRAUN FILS, G. et A.— Dictionnaire de chimie Шеге 
phique, à l'usage des professionnels et amateurs, With figs. 
(P. frs. 12. 


CARHART, Н. S.— Physics for University students. Part IL., 
With diagrains. (Boston, Alleyn & Bacon. $1.50. 

CHEMISTRY PAPERS.—Matriculation. From June, 1875 
to September, 1904. (pp.86. L. Clive. sd. 15, бї. 

DAVIS, С. E.— Handbook of Chemical Engineering. 2nd en- 
larged ed. With Ilust. (22. 532, 528. Manchester, Davis.) 

FREUND. I.—The Study of Chemical Composition, Ап 
account of its Methods and Historical Development. With 
Illustrative Quotations, 


(Pp. 660. L. Cambridge Press. 185. net.’ 
JEANS, J. H.—The Dynamical Theary of Gases. 
(45.352. L. Cambridge Press. 155. net.) 


KUHLING, О. —- Lehrbuch der Massanalyse zum Gebrauch 
in Unterrichts- Labaratorien und zum Selbststudium. 2*Aufl. 
With 23 Шив. (pp. 160. Stuttgart, Enke. m. 4.) 

MALDEN,A. F.,and LAMBERT. — Detection of the more com- 
mon Acid-Radicals in Simple Salts. (Z. Simpkin. sd. 6d.) 

MEYER, E. —Geschichte der Chemie von den ältesten Zeiten 
bis zur Gegenwart. Zugleich Einführung in das Studium 
der Chemie. 39verb. u verm. Aufl. (5.5726. L. Veit. 1.12.) 

MONTGOMERY, J., and R. B. SMITH. — Laboratory 


Manual of Elementary Chemistry. 
(Pp. vi, дот. Ann Arbor. Mich. Wahr, 81.25.) 
MOORE, К. B.—A Labo:atory Manual of Chemistry, With 
diagrams. (MA. 195. Philadelphia. Lippincott. 75°.) 
POYNTING, J. H., and THOMSON, J. J. — A Text- 
Book of Physics.” Vol. HI. Heat. With Must. 


UM. 370. L. Griffin. igs.) 
SAMUELSON, A.— Resistance of Air and the епп of 
Flying. Experimental Lecture. Z. Spon. sd. as. net.) 


SOTTA, F. М,—1.а Meccanica dell’ infinito: teoria nuova. 
Ah 215. Milan, Las) 


vi 


THORINGTON, Ja.—Refraction, and how to refract ; including 


sections on optics, retinoscopy, the fitting of spectacles and 
eyeglasses, etc. зга ed. With (partly coloured: e re 


g^ Xe Philadelphia, Bla&iston. 1.50. 
VENABLE, Р. P.—The Study of the Atom; or the founda- 
tion of Chemistry. 


(A5. 298. Easton, Pa. Chemical Publishing Со. $2) 


WATTEVILLE, C. de. — On Flame Spectra. With plate. 

to. (2. Dulau. sd. 2s. 

WEBSTER, A. G.— The Dynamics of Particles and of Rigid, 

Elastic and Fluid Bodies; bzing lectures on mathematical 

hysics, ( pp. 593, N.Y. Stechert. $4. 

WEYRAUCH, J.—Grundriss der Warmetheorie. Mit Zahl. 
reichen Beispielen und Anwendungen. With тоу Illust. 

( (А 324. Stuttgart. Wittwer. m. 13.20.) 

WHITTAKER, E. T. —A Treatise on the Analytical Dynamics 

of Particles and Rigid Bodies. With an Introduction to the 

Problem of Three Bodies. 

(25.428. 2. Cambridge Press. 125. 6d. neri 

WILSON, Н, A. — On the Electric Effect of Rotating a 

Dielectric in a Magnetic Fluid. gto. (Z. мдан, тх. net. 


Civil and Mechanical Engineering. 


BOYEUX, P.—Traité Théorique et Pratique des Turbines 
Hydrauliques, Turbines à réaction et Turbines à Impulsion. 
With 108 figs. (P. Béramger. frs. 12. 

BRAUSS, E. — Handbuch zur. Berechnung der Feuerungen, 
Dampfkessel, Vorwármer, Uberhitzer, Warmwasser-Erzeu- 
ger, Kalorifere, Reservoire, etc. With figs. 

(pp. 84. Hannover. Fanecke. m. 2. 

BURTT, P.—Lecture on “Some Problems in Modern Railway 
Transportation.” Read at the first meeting of the York 
Railway Lecture and Debating Society. Nov. т, 1904. 

(Chorley. | Lecds.) 

CASSELL'S CYCLOPEDIA OF MECHANICS.” 4th series. 

(L. Cassell. ўз. 6d. 

CIVIL ENGINEERS, Minutes of Proceedings of the Institute 
of. With other Selected and Abstracted Papers. Vols. 
104-158. Edited by J. Н. T. Tudsberg. 

(ZL. Institute of Civil Engineers.) 

COSYN, L.—Traité Pratique des Constructions métalliques. 
With 187 figs. (P. Béranger. frs. 25.) 

DONALDSON. —Engineer's Manual, 1905 (2. S impkin, sd. rs. 


HISCOX, G. D.— Mechanical Appliances, mechanical move- 
ments and novelties of construction. 
(22. 400. N.Y. Norman Henley. $3.) 
HUERGO, L. A.—Buenos Aires Harbour. Technical History 
prepared for the International Engineering Congress. 
October зга to 8th, 1904. With 17 plates. 
(Ap. 83. St. Louis. Missouri Office. 


INSTALLATEUR-KALENDER FUR 1905.—Heraugeg. v. 
C. Pataky. 25 Jahr. With figs. (25.300. B. Pataky. m. 2. 
KENNEDY, F. L., and A. E. NORTON.— Notes in Engi- 
neering. 
(Cambridge, Mass. “Harvard University Press.” $2.) 
LECORNU, L.— Les Régulateurs des Machines à vapeur. 
With figs. (Р. JTS. 12.50 ` 
MAXWELL, W. H.— British гше: in Municipal Engineer- 
ing (National Engineering and Trade Lectures, Vol. E 
. (L. Constable. 6s. mer.) 
METOUR, E.— Traité élémentaire de la Stabilité des Construc- 
tions, With доо figs. and 15 plates. ЇР. Béranger. /rs. 30.) 
NEUDECK, G.—Die Dampfturbine. With 42 Illust. 
(55. 89. Kiel. Unmrversbuchh. pm. 3.° 
SPON DIABY and Year Book for Engineers and Contractors. 
4to. 5% (Z. Spon. . 6d.) 
UNTERRICHTSWERKE FUR SELBSTÜNTERRICH. — 
Bureau-und Schul-gebrauch. No.43.v. 7 Teil. Berechnen 
der Eisenkonstruktionen. Decken und Anwendung von 
Eisen. Bearbeitet von E. Fdlyer. With 35 Illust. and 2 
plates. (Pp. 26. Fraucnfeld. Huber, m. 1.65.) 
WEYRAUCH, R.—Unterlagen zur Dimensionierung stidtis- 
cher Kanalnetze. Pp. 67. Stuttgart. Grub, mis, 


Continued on pape viii. 


KILLED MECHANIC (preferably with 

electrical experience), accustomed to 

the manufacture of high-class scientific 

instruments.-—Apply, stating age, experience, 

and salary required, REYNOLDS & BRANSON, 
Lrp., 14, Commercial Street, Leeds. 


NOVEL! USEFUL! CHEAP! 


Pocket Slide Rule. 


(PATENT. ] 


THE NEW PATENT 


И ШШ BAROMETER 


Price 21 /-. 
ACCURATE AND INEXPENSIVE. 
To be obtained of all Opticians or the Sole Makers, 


F. DARTON & CO., 
142, St. John Street, London. 


Illustrated Design Sheet of Aneroid and Mercurial Barometers 
Sree on application. 


1 at. size. 


The instrument consists of two parts—a Card and a transparent 
celluloid Film. The principle on which the scales are divided is 
similar to that of any ordinary slide rule, but the arrangement 
of the scales is such that the calculator is small enough to be 
carried in the pocket and yet give results with the same accuracy 
as а slide rule nearly four feet long. ‘The scale is printed on 
both the Card and the Film in ten equallines. On the Card the 

aduations begin at the top and read from left to right (see 

gure) while on the Film the graduations read from right to left, 
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in various sizes to meet individual requirements. The SIX COLOURS in which the Files are 
supplied help to methodically classify papers, and are an ideal means for organising purposes. 
The SYSTEM will adapt itself exactly to the individual requirements of YOUR department. 

Professor J. J. Findlay, of the Manchester University, writes re Exercise Files: ‘‘ The Files 
will meet a great demand.” 

Professor T. Turner, of the Birmingham University, writes: ‘‘I find the Stolzenberg Files 
very convenient for classifying pamphlets and similar metallurgical literature for reference in my 
department.” 

Professor G. Sims Woodhead, of the Cambridge University, writes: ‘‘I am very pleased with 
the way in which we are able to keep our papers now. ‘The system is simple and lends itself to 
my work,” 


THE HOMEWORK EXERCISE FILE is fully described in the November number 
of “Technics.” See Article on LECTURE NOTES and HOME EXERCISES, by 
Francis С. Forth, A.R.C.Sc.L, Principal of the Municipal Technical Institute, Belfast. 


Full Particulars on this SYSTEM, comprising Cabinets and other Labour-Saving Devices, will be gladly 
sent on application to 


THE STOLZENBERG PATENT FILE CO. 
50 & 52, Bishopsgate Street Without, LONDON, E.C. 
TEL. No. 2270 CENTRAL. TEL. AD.: " CESARIANO." 
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PRICE LIST SENT POST FREE. Mathematical & Drawing Instruments. 
JOHN J. GRIFFIN б SONS, Ltd., —2 Best Make and Finish. 
Makers of Scientific Instruments, те z 2 
20-26, Sardinia St., Lincoln's Inn Fields, London, W.C. Compasses, Protractors, 
Rules, Scales, Curves, 
FLEXIBLE Set Squares, Dividers, 
CURVES Pentagraphs, Esdo- 
се Drame graphs, Opisometers, 


Planimeters, Stencil 
Plates, Engineer's Sets, 
Drawing Boards, Bows, 
Calculating Slide Rule 
Centrolineads, &c., &c. 
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THE NEW METRIC * TECHNICAL" RULE resa. no. 143,287. 


This Rule contains all the necessary markings for Technical and Science Work. 
Price 4s. per dozen nett. 


RELFE BROTHERS, Ltd., 6, Charterhouse Buildings, London, E.C. 


SSeS ————— 
на - m 


BROKEN SUSPENSIONS 
Replaced in 2 MINUTES without worry. 
“Stump” an '* Column "' GALVANOMETERS are also 

ANTIVIBRATIONARY. 
LARK FISHER, ч ao ТИРИ 


Gordon Works, EALING, W. cse cae WE London. 
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Further details of any of the following books, or information concerning technical works in any language, 


will be supplied free to readers of TECHNICS 


by the Editor of the Bibliographlcal Department. 


Stamp. 


should be enclosed fer reply. 


ABBREVIATIONS USED. 


FIG. = FIGURES. Fr. = FRANC, 
ILLUsT. = ILLUSTRATIONS. Кк.= KRONER. 
M. = MARK. P. = PESETA. 


Р. = Paris. Lrzc. = LEIPZIG. 
L. = LONDON. N.Y. = NEW YORK. 
B. = BERLIN. SD. = SEWED. 


When not otherwise stated, the prices given are for bound copies. 


Architecture, and Sanitary Sciences. 
FOERSTER, M.—Lehrbuch der Raumaterialienkunde. zum 


Grebrauche an technischen Hochschulen u. zum Selbsstu- 
Die künstl. Steine. With 47 Illust. 
(2. Engelmann, m.s.) 
GURLITT, F.—Die Ersten Baujahie in Deutsch-Ostafrika. 
With 35 Illust. and 2 plates. (25.17. B. Ernst. n. 3.) 
JEEP'S FEUERUNGSANLAGEN. — Ein Hilfsbuch f. 
Studierende und — Baugewerkschüler, Architekten und 
Baugewerksmeister usw. In 2 Aufl. vollig umgearbeitet. 
With 1,145 Illust. (pp. 576. Г. Scholtze, m. 18.) 
KEITH, W. J.—Historic Architecture for the home builder. 
(pp. 264. Minneapolis, Keith. $2) 
LANDHAUS, das.—lllustrierte Monatschrift f. Wohnungs) 
wesen und Verkehr. Yearly, 12 parts. With Иш. 
(Wiesbaden. т. 4.) 
MIDDLETON, G. A. T.—Building Materials: their Nature, 
roperties, and Manufacture. Text-book for students and 
others. Illust. (pA. 428. L. Batsford. 10s. net.) 
TIETJENS, J.—Die Bauformenlehre. Fine gedriugte 
zusammenstellg. der wichtigsten Regeln. Zum Gebrauche f. 
techn. Schulen und die Praxis. 2verbl. Aufl. With 213 Figs. 
and 15 double plates. (fp. 28. Karlsruhe. Pezoldt. m. 3.) 


Chemistry and Physics. 
BLONDLOT, R.—“ N” Rays. With Diagrams. 
Е Longmans. 38. 6d. net.) 


CAMPREDON. L.—Dossage, par la voie sèche, de l'argent et 
де Гог dans les minerais. With Illust. (P. Béranger. frs. 5.) 


CATALOGUE of the Scientific Collections for Teaching and 
Research in the Victoria and Albert Museum. Part 2: 


dium. Vol. 2, part r. 


Physics. 2nd ed. (2. Wyman. xs. 6d. net.) 
ENGSTLER, M.—Die Photographie in naturlichen Farben. 
(pp. 39- Luis. JMareis. m. 1.60.) 


HALLER, A.—TI es Récents Progrès de la Chimie : Conférences 
faites au Laboratoire de Chimie Organique de la Sorbonne. 
(25.325. Gauthier-Villars. frs. 5.) 
MAILLET, E.—Mécanique et Physique du Globe. Essai 
d'H ydraulique souterraine et fluviale. With 48 Plates. 
(pp. 224. P. Victorion, Jrs. 11.) 


MENDELEEF, D.—The Principles of Chemistry. 3rd English 
ed. Tllust. 2vols. (55.32. L. Longmans. 325. net.) 
MOISAN, H.—La Chimie Minérale, ses relations avec les 
autres sciences. (Pp. 32. Р. Steinheil. fr. 1.) 
MOISAN, H.—Traité de Chimie Minérale. Vol. 2, fasc. I, 
Métalloides, suite. Vol. 4, fasc. т, Métaux, suite. With 
Illust. (24. 384 and s92. P. Masson, frs. 32.) 
Previously published: Vol. т, Métalloides, frs. 28; Vol. 2, 
Métaux, Jrs. 34. 
PHOTOGRAPHY.—Sce Campredon, Engstler, Ris Paquot, 
Royer, Sciences, Trutat. 
RIGHI, A.—Modern Theory of Physical Phenomena. 
(2. Macmillan, ss. net) 
RIS PAQUOT.—I.a pratique de la Photographie А la lumière 
artificiclle, With 41 Figs. (55.88. P. Mendel. SVS. 2. 
ROUYER, L.—La Gomme bichromatée. La pose des papiers 
à dépouillement. With :8 Figs. 
(22. 118. P. Mendel, s. 2.) 
ROYER, M. H.—Sur un nouveau genre d'appareils thermiques. 
With Illust. ‘Pf. 48. Р. Dunod, Jrs. 2.50.) 
SCIENCES PHOTOGRAPHIQUES, Revue des.—Yearly, 12 
parts. Each part contains several Ilust., special plates, ete. 
Subscription. o Mendel, Irs. 23. 
SHEARER, J. S.—Notes and Questions in Physics. 
(L.  AMaecntillan. 75. 64, net,’ 
TRUTAT, E.—Les Procédés pigmentaires. Impression des 
images photographiques, par poudrage, par dissolution, par 
chromotypie, par contact (26. 72, P. Mendel, JTS. 1.23. 


ii 


VIDAL, L.—l.a Photographie des Couleurs раг impression. 
pigmentaires superposées, procédé detaillé d'impression au. 
charbon en plusieurs couleurs superposées pour hotographes, 
amateurs ou professionels. (22. 32. Mendel. frs. 1.25.) 

WHITMORE, J.—A Chemistry Handbook and loose-leaf note- 
book. 71 Experiments, with additional sheets for notes, etc. 

(Chicago. Atkinson, $0.65. 


Civil and Mechanical Engineering. 


DUNKERLY, S.—Mechanism. (#2. 416. L. Longmans. gs. net.) 
ERICH, О. H.—Praktische Erfahrungen bei Aulage und: 
Betrieb v. Dampfwascherein. With Illust. 
(22. 259. Halle, Marold. m. 4.) 
FARNSWORTH, A. W.—Constructional Steel Work. Being 
Notes on the Practical Aspect and the Principles of Design, 
together with an account of the present Methods and Tools 
of Manufacture. With Шиг. 
(Pp. 264. L. Griffin. 105. 6d. net. 
GERBEL, M.—Zylinderkondensation und Lássigkeitsverluste, 
(22. 45. Vienna. Lehmann, эн. I.60.). 
GRAFFIGNY, Н. де. Сах and Petroleum Engines, Translated 
and Adapted from the French, and Edited by А. С. Elliott. 
2nd revised and enlarged edition. With 53 Illust. 
+ (ЁЁ. 158. L. Whittaker. 2s. 64.) 
GUENE, E.,et F. GOUJET.—Nos Voies Ferrées : Constitution 
du Réseau, Son Développement. Les Compagnies ou l'Etat, 
Conventions, Rachats. Béranger. frs. 3.50.) 
HAWLEY, T. W.—Petrol Motors simply explained. A 
Practical Handbook оп: the Construction ‘and Working of 
Petrol Motors. Fully Illust. (Z. P. Marshall. ту. nct.) 
HISCOX, G. D. — Gas, Gasoline and Oil Vapour Engines. 
r2th ed., revised and enlarged. 
(Af. 414. L. Constable. 10s. 6d. met. V 
HISCOX, б. D.—Mechanical Appliances, Mechanical Move-. 
ments, and Novelties of Construction. Being the Second 
Series of Mechanical Movements, А 
(55. 396. 2. Constable. 125. 6d. net.) 
HOCH, J.—Neue Ausgefiihrte Eisenkonstruktionen Sammlung 
v. Eisenbauans führgn. erster Firmen. Zusammengestellt und 
gezeichnet. Part 2. 25 Plates with text. 
(B. Ernst, эм. 12.) 
HORNER, J.— Tool: for Кишет and Woodworkers. Including 
Modern Instruments of Measurement. With Illustrations. 
2А. 352. L. C. Lockwood. gs. net.) 
HURST, C.—Valves ard Valve Gearing. With Illust. 
22. 234. L. Griffin. тоз. 6d. net.) 
KEMPE, Н. R.—Engineer’s Year-Book of Formule, Rules 
Tables, etc. 1905. (Z. Lockwood. 8s. 
KESSLER, J.—Die Dampfmaschinen. Partz. Konstruktion 
der Dampfimaschinen, 2 verm. und verb. Aufl. With 162 
Figs. АЁ. 132. Karlsruhe. Pezoldt. wt. 6.) 
KOENIGS, G.—Introduction А une théorie nouvelle des 
mécanismes, (22. 5s. Р. Victorion. Ју. 3.) 
KRAUSE, H.—Maschinenelemente. Ein leitfaden zur Berechng. 
u. Konstruktion der Maschinenelemente f. techn. Mittel- 


„ 


schulen,  Gewerbe-und-Werkmeisterschulen, sowie zum 
Gebrauche in der Praxis. With 305 Figs. 
(22. 250. B. Springer. m.s.) 


LOCOMOTIVES. — Use of Heavy Locomotives on Highways in 
London. Proceedings at Conference of London Author.ties, 
November, 1904. (2. Р. & S. King. 6d. net. 

LOVETT, W. J.—A Complete Class-Book of Naval Architec- 
ture: Practical, Laying-off, Theoretical, with numerous. 
Illust., and almost 200 fully worked-out Answers to recent 
Board of Education Examination Papers, 

Pp. 204. L. Longmans. 75. 6d. net.) 

MAXWELL, W. H.—British Progress in Municipal Engincer- 
ing. ‘ National Engineering and Trade Lectures." Vol. 1. 

' (Ар. 182. Г. Constable. 6s. net.’ 
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MORSCH, P.—Schub-und Scherfestickeit des Betons. With 

Hlust. Lurid., Rascher. n. 0.40 

MUNICIPAL AND COUNTY ENGINEERS, Proceedings of. 
Vol. зо. 1g03-4. Edited by Thomas Cole. 

(ZL. Spon. 

ODER, M.—Petriebskosten der Verschiebebahnhófe. With 8 

lilust. and т Plate. pp. 63 D. Springer. т. 2.) 


PARSELL, Н. V. A., and A. J. WEED.—(Gas Engine 
Construction, pp. 304. L. Constable. пох. 61. net.) 


PERKIN, F. M.—Practical Methods of Electro-Chemistry. 


ars. net.) 


(L. Longmans. 65. nct.) 

RIEDEL, J.—Die Wasserversorgung Wiens. With 2 plates. 
(АА. тт. Vreana. Gerold. m. 1.50) 

ROYAL cab JOURNAL. Vol. 1. No. т, 


January, 1905. (pf. 58. L. Royal Engineers Institut. 15. ) 


| RUNCIMAN, W. C. i4 jas and. Ой Engines simply explained. 
Elementary Instruction Book for Amateur and Engine 
Attendants. (2. Marshal]. 6d. net.) 
SEATON, А. E.. япа Н. M. ROUNTHWAITE,—-Marine 
Engineering Tables Pocket Book. (Z. бэй». 8s. 6d.) 
WICKERSHEIMER, E.—Les Principes de la Mécanique. 
With Illust. (АА. 132. Р. Dunod. fy. 45 


Electricity. 


AGNEW. W. A.—Flectric Tramcar Handbook. For Motor- 
men, Inspectors, and Depót Workers. 2nd ed. 


iL. Alabaster. 25. Gd. stet.) 


ALLSOP, F. C.—Practical Electric Light Fitting. 6th ed. 


revised and enlarged. With 242 Illust. 
‘pb. зоо. L. Whittaker. 55.) 
BOUSFIELD, W. R.. and T. M. LOWRY.— Flectrical 
Conductivity and other Properties of Sodium Hydroxide in 
Aqueous Solution as elucidating Mechanism of Conduction, 
(Bb. то. L. Dulau. ss.) 
DRY BATTERIES.—How to Make and Use Them. By a 
Огу Battery Expert. With additional notes and зо Illust. 
by N. H. Schneider. IL. Spon. 1s. 4d. net.) 
ELECTRIC LIGHTING. —Imperial Directory and Statistics of 
Power and Traction Works, 1905. Edited and Compiled 
by C. 5, Vesey Brown. 
(#5. ооо. L. Harzell, Watson, & V. 125. 6d. nct.) 
ELECTRICAL DIRECTORY, s Universal, тооз. 
70. L. Alabaster. 145.) 
ELECTRICAL UNDERTAKÍNGS and Directory of Officials, 
Manual of, 1905. (L. Office. 158. net. 
ESCHE, F.— Einführung in die Elektrizität u. die praktische 
Verwendung des elektrischen stromes. Allgemeinverstánd- 
lich dargestellt. With 130 Hust. 
(АЁ. 182. L. Buschmann. mm. 2.50.) 
GRAFFIGNY, Н. de.— Manuel pratique du montage, de la 
pose et de l'entretien des sonneries électriques, téléphones, 
allumoirs et paratonnerres, With Шам. 
iP. Bernard. frs. 1.50.) 
GUI! LAUME, J.—Notions d’Electricité, son Utilisation dans 
l'Industrie. With 154 Illust. 
(pp. 360. Р. Gauthier-Villars. fis. 7.50.) 
LINKER, A.—Die Hauptsichlichsten elektrischen Messinstru- 
mente. With 74 Illust. pp. 80. Berlin, m. 2.) 
MEARES, J. W.—The Indian Electricity Act, 1903. Act 
of 1903. П. Гласс. ros. 6d, net. 
SATTLER, G.—Elektrische Traktion. With 123 Ilust. 
(pp. 166. Hannover, Fdnecke. т. 4.20.) 
SCHNEIDER, N. H.—Flectrical Circuits and Diagrams. 
Illustrated and explained. (L. Spon. us. Od. исі.) 
SCHNEIDER, М. H.—The Study of Electricity for Beginners. 
With s4 original Illust. and 6 tables. (Z. Spon. 15. 6d. net.) 
TEN BOSCH, A.—Traité pratique pour l'étude sans maitre А 
l'usage des ouvtiers et monteurs électriciens. With 729 
Figs. pp. зоо. Р. Bernard, frs. 15.) 
TURNER, Н. W., апа Н. M. HOBART.—Insulation of 
Electric Machines. With 162 Hust. 
pb. 314 L. Whittaker. 


Manufactures and Industrial Technology. 
COAL.—Royal Commission on Coal Supplies. Parti. 4d. : 
Part то, Minutes of Evidence, etc., 4, rod.; Part 12, 
Supplement of Plans and Diagrams. (2. B'yman. їз. ad.) 
CUIF, E.— Influence des éclaircies dans les peuplements 

réguliers de Sapin, With 41 Plates апа 44 Diagrams. 
(pp. 124. Р. Rothschild. frs. з.) 
EDWARDS. W. N.—Proving our Case. Scientific Exposition 
of the Nature and Effects of Alcohol. Introduction by 


105. 64. жей.) 


C. Sims Woodhead. (pp. 202. Г. Partridge. 25.) 
FARNSWORTH, А. W.—Constructional Steel Work. 
(pp. 264. £L. Griffin. 10s. 6d. net.) 


HAEBLER, 0.—Farbige Plumen und Pflanzen f. moderne 
Flichnenernamente, entwerfen im Atelier Haebler. 8 Plates. 
In Portfolio. (Plauen, Stoll, m. 14.) 


HAWLEY, T. H.—Petrol Motors Simply Explained. With 
Шим. (Z. Marshall. 1s.) 
HISCOX, Po od Air. Its Production, Uses, and 
Application. 4th ed. (AA. 822. Z. Constable. 205. net.) 
JURTHE, E., et О. MIETZEHKE.—Le Fraisage, l'outil à 
fraiser, les machines А fraiser, d ‘affutage. ‘Traduit sur la 
deuxieme edition allemande раг M. Varinois. With 371 figs. 
pp. 362. P. Dunod. frs. 16.50.) 

LECOCQ, E.—1.e Controle des Huiles et Graisses. 


LP. Béranger. fr. 1.) 
LIEBER, H.—The use of coal tar colours in food products. 
pp. ar N.Y. Lieber & Со. $1.) 


LUCAS, W., and CRANE, C. — The Law affecting 


Motor-Cars ; Their Use and um do. 
(PP. 232. £L. Reeves & Turner. 5х.) 


MICHOTTE, F.— Guide pratique pour la conduite et l'entretien 
des automobiles à pétrole et électriques. With many Ilust, 


3rd enlarged (Р. Bernard. fr. 3.30.) 

ORGEL UND HARMONIUMBAU. —Zeitschrift für. Yearly, 

д2 parts. Graz, Styria. m. 1.35.) 

PRECIS, V.—Guide du Couvreur-Zinguer. 17 partie: La 
Couverture. 2° partie: La Plomberie. 2 vols. lust. 

(P. Rothschild, frs. 9." 

RETTELBUSCH, E.—Offerten-Material f, die Feuster- 

Fabrikation, entworfen und hrsg. With 45 Plates. 
(2. Hedeler. тт. 15.) 


RODIER, H.—Automobiles. T.’ouvrage le plus complet et le 
plus documenté sur la traction automobiles, voitures. А 
vapeur, pétrole, électricité, contenant les dernières 
nouveautés du Salon de Décembre 1904. With 282 Illust. 

(Р. Annuaire Technique. rs. 16.) 


VOGEL. W.—Ratschlage f. den Ankauf v. Motorfahrzeugen 


jeder Art. lust. 
iP. 105. Grunewald-B. Phoenix Verlag. m. 4.50.) 
WILSON, A. J.—Motor Cycles and how to manage them. 


8th ed.  Rewritten throughout by Author and Staff of 


** Motor Cycle.” (L. Lliffe. 15. net.) 


WORDSWORTH, J. V.—Dies: Their Construction and Use 
for the Modern Working of Sheet Metals. 


(pp. 384. 2. Constable. 125. 6d. net.) 

Mathematics. 
DALE, J. B.—Logarithmic and Trigonometric Tables (to five 
places of Decimals’. (2. Arnold. 25. met.) 


LAGUERRE, ŒUVRES DE.—Publiés sous les Auspices de 
l'Académie des Sciences. Vol. 2, Géometnie. 

(АА. 715. P. Gauthier-Villars. frs. 22.) 
Previously published; Vol. т, Algèbre, Calcul Integral. (ff, 

496. /»s. 15.) 

MATRICULATION MATHEMATICAL PAPERS, — Pring 
the Examination Papers set at the London University from 
January 1893 to January 1905. (22. 134. L. Clive. 25.) 

OXFORD QUESTIONS IN ALGEBRA.—Papers set in Pass 
Moderations, with the Answers, by the Rev. C. A. Marcon 
and E. S. Craig. 3rd series, from Michaelmas Term 12 
to Michaelmas Term 1904. (2. Stmpkin, as. 64. 


Metallurgy, including Mining and Geology. 


GEOLOGICAL SOCIETY of South Africa, Transactions of. 
Vol. 7. part 3. (L. Wesley. 155. met.) 
LUCAS, F.—Spanish-English Dictionary of Mining Terms. 
2. Spon. 55. nef.) 
MENTEATH, P. W. S.—Pyrenean Geology. Part 4, The 
Structure of the Pyrenees, (L. Dulau. sd. 6d. net.) 
ROGERS, A. W.—An Introduction to the Geology of Cape 
Colony. (L. Longmans. 95. net.) 


Miscellaneous. 


CIVIL SERVICE ESTIMATES.—Class т, Public Works and 
Buildings, 74.; Class 2, Salaries and Expenses of Civil 
Departments, 15. 54. ; Class 5, Foreign and Colonial Ser. 
vices, 64. ; Class 7, Miscellaneous, 24. (2. Wyman.) 

CONNAISSANCE DES TEMPS pour lan 1907. — Publice 
par le Bureau des Longitudes. With 3 Coloured Maps. 

Ар. 944. Р. Gauthier-Villars. Jrs. 4.75.) 

FOERSTER, F. W.—Technik und Ethik. Eine Kultur- 
wisserischaftl, Studie. (Ab. 36. L. Felix. m. 1.) 

GAS.—Undertakings of Local Authorities, Returns for 1953-4, 
od. ; Undertakings of Companies, Returns for 1904. 

(L. Wyman. 10d.) 

ROBERTS, J.—The Inventor's Guide to Patent Law and the 
New Practice. (PP. 118. 2. Murray. 2s. Od. мег.) 

SADLER, M. E.—Report on Secondary and Technical 
Education in Huddersfield, 

(Af. 126. Huddersfield. Jubb. тз.) 

ST. LOUIS Universal Exhibition, Official Catalogue of the 
Exhibitors, Revised Complete ed. (L. Wesley. зох.) 


obtainable through Newsagents and Booksellers at 
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H. SETON 
MERRIMAN— 
THE SOWERS. 


J. H. MUDDOCK— 
FOR GOD AND THE CZAR. 


EDEN PHILLPOTTS— 
A DEAL WITH THE DEVIL, 


A. CONAN DOYLE— 
MICAH CLARKE. 
ADVENTURES OF SHERLOCK HOLMES. 
MEMOIRS OF SHERLOCK HOLMES. 
THE SIGN OF FOUR. 
THE EXPLOITS OF BRIGADIER GERARD. 
RODNEY STONE. 
THE WHITE COMPANY. 
THE GREEN FLAG. 
UNCLE BERNAC. 
TRAGEDY OF THE KOROSKO, 


8. LE FANU— 
THE WYVERN MYSTERY. 
WYLDER'S HAND, a Romance or MYSTERY. 


MISS BRADDON— 
ONE LIFE, ONE LOVE. 
PHANTOM FORTUNE. 
THE TRAIL OF THE SERPENT. 
HOSTAGES TO FORTUNE: 
FENTON'S QUEST. 
RUN TO EARTH. 


E. W. HORNUNG— 
A BRIDE FROM THE BUSH. 
PECCAV 


HALLIWELL SUTCLIFFE— 
A MAN OF THE MOORS. 
HENRY HARLAND— 
THE CARDINAL’S SNUFF-BOX. 
MARY CHOLMONDELEY— 
RED POTTAGE. 


GEORGE R. SIMS— 
MEMOIRS OF A MOTHER-IN-LAW, 


WILLIAM LE QUEUX— 
SECRETS OF MONTE CARLO. 


H. RIDER HAGGARD— 
DR. THERNE, ANTI-VACCINIST. 
SHE. 

JESS. 

LOUIS BECKE— 

RODMAN THE BOATSTEERER. 


JOHN OLIVER HOBBES— 
THE HERB MOON. 
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GRANT ALLEN— 
MISS CAYLEY'S ADVENTURES. 
HILDA WADE. 
WHAT'S BRED IN THE BONE, 
AN AFRICAN MILLIONAIRE. 
R. В. WARREN BELL— 
BACHELORLAND. 


REY. 8. BARING-GOULD— 
JOHN HERRING. 
GUY BOOTHBY— 
A MILLIONAIRE'S LOVE STORY 
MYSTERY OF THE CLASPED HANDS 
GEORGE л MACDONALD— 
A 
THE MARQUIS OF LOSSIE. 
DONAL' GRANT. 


MRS. MEADE— 
STORIES SEE FROM THE DIARY OF A 


K. & HESKETH PRICHARD — 
A MODERN MERCENARY. 


W. Н. FITCHETT— 

FIGHTS FOR THE FLAG. 

DEEDS THAT WON THE EMPIRE. 
MRS. CLIFFORD— 

A WILD PROXY. 


CLARK RUSSELL— 
ROMANCE OF A MIDSHIPMAN. 


MAXWELL GRAY— 
IN THE HEART OF THE STORM. 
REPROACH OF ANNE 
THE SILENCE OF DEAN MAITLAND. 


F. ANSTEY— 
VICE VERSA: 
A FALLEN IDOL. 


MRS. BANKS— 

THE MANCHESTER MAN. 

BART KENNEDY— 

A SAILOR TRAMP. 

MRS. HUMPHRY WARD— 
HELBECK OF BANNISDALE. 
ROBERT ELSMERE. 

DAVID GRIEVE. 
MARCELLA. 

DOUGLAS SLADEN— 

THE JAPS AT HOME. 

BEATRICE HARRADEN— 
SHIPS THAT PASS IN THE NIGHT. 


MRS. HUNGERFORD— 
MOLLY BAWN. 


THE MS. IN A RED BOX. 


Price SIXPENCE, of all booksellers, or 8d. post free from 
GEORGE NEWNES, LTD., STRAND, LONDON, W.C. 


+4. cec "тта чир чаа Ee mw—É———————————U—— PELLE... 


E / m 
А аі ДЕ À Pn. 
| "n DD 
г EE. 
E А АО He 2 
у 1 z i ] Е 7 y ^N, D 
г Ў yy * E y f DA ә” 
) //, f 7 DZ 
" Е 
-di S Мы PAD 
; J p FEY ata oy 
v Dy; / " E 
i Н ж. Й 7. E. 3 
| / . 2 
nr Г H КИД 3 e o 
i p eg 
] = A Д Ў 
" 7 ppp hts, 
A | 
E 


EEBBE 


ENHHB 


ЕЗ 
= 


d S NN N pus < “ДЕ 


Ж! ў TN 
ШЇ =: 2227 MANCHESTER. 


== х= Im Uu LL ж ш mm LL ux с кыз эй Ep. 
L—E—E&— —R——RL——A——34-——L———É— Ts 2 = c. 
5.26 om on = aoe 
== = SS EE == aa a AS Ss 
*1 3 - DECIDE TT gres NUN 
2 Үз QURE 


Ев Е= i — 28 ЕЕЕ 


Vs nq 


irn RET Е р рдүүдү& "m 28 E 


SOLE prel OF 
р, e 


ATEM S AE 


“т ОТЫ = т = 


p 
/ y)» phá 4 " 
D n 5 
d ^ Narr 
ALD eee 
^, PP AP V 
g t) f V D 
Q/// D ns 
y А СА 


n ] 80 TONS' TEST “H ERCULES BRAND. "0 TONS’ TEST 


"B Hydraulic Hose for] 
‘Pressures up to 
mm 10,000 bs. per sq. inch. 


Sidi Patent 
High-pressure 
Hydraulic Couplings. 


‘Registered TradeiMark. 


DURABILITY x FLEXIBILITY Te 


OF E ОКАР | OF | 
TN STEEL. D ны RUBBER. - 


EHE 


cuo thi. er e ead deum 


E 


di [i E 

МЦ. 

МЦ, LLE 
- etit 
II ` "m. « ^ 


| S. SS 
| < „ SAS S З 
ї ИЕШУ F.REDDAWAY & C? L? 


SPNINCTER DEPT 


1 ri F.REDDAWAY & ce 17» З 1 | li 3 | 
MANCHESTER. 


iV \ 


dA /l Me n uv 
HHA ДА SS pet 
ARMOURED. UNARMOURED. 


MILLS and Head Offices: 


‚ F.REDDAWAY & C0., 4 


TD., / jay; 


PENDLETON, MANCHESTER. 3 


irm DECENT 


Telegrams: ‘‘ Anchorage,’’ Manchester. 


‚Шш ЕЕЕЕЕЕЕЕЕЕТЕЕЕЕЕЕЕРЕЕСЕ ЕЕЕ ЛАНДА 


DN SD КЕ ЕЕЕ 


vi 


КЕ а ы ты тЫ nez tete cen. 


GECRINICS. 


CONTENTS FOR APRIL, 


PROF. EWING 
PROGRESS OF SCIENCE AND TECHNOLOGY 


Lilustrated, 


Lilustrated. 


Illustrated, 


Lid ЕРУ; 


Lllustrated. 


Lllustrated. 


BOUST ERO: Part III. 
— Filustrated. 


SPECIAL DEVICES USED IN WEAVING. Part VI. Mechanical Knotters. 


BALLISTICS OF MODERN RIFLES. 


THE PRESSURE OF LIGHT . 
THE THEORY AND PRACTICE OF STEAM GENERATION. 
ЕТС: 


By HaAnoLD Н. BROUGHTON 


'DEMAGNETISATION OF THE EARTH 


| 


{ Я 


Part VII. 


| Justrated. 
CONTACT-RESISTANCE OF CARBON BRUSHES 


THE E EMESIS OF CHEMICAL ENGINEERING. By J. Grossmann, M.A., Ph.D., F.I.C. 
- Lllustrate 


THE MANUFACTURE OF SULPHATE OF AMMONIA. Ву THos. HorcarE, M.I.C.E. 
DETERMINATION OF SILICON IN IRON AND STEEL . ... 


ELECTRICITY FROM TOWNS’ REFUSE (concluded). 
Lllustrated. 


By EDWIN EDsER, A.R.C.Sc. 


‘OVERHEATING OF STORED COAL 
‘EXPANSION CURVES ... 
А PETROL LOCOMOTIVE 


be made. 


Illustrated, 


Part II. 


By К. Н. HousMan, 


ARMOURED CONCRETE, By Lieut. Н. J. Jones, A.O.D., A.R.C.Sc. 


DEFECTS IN COTTON YARNS. By J. Н. Dawson 


THE FORTHCOMING OPTICAL CONVENTION IN LONDON 
REVIEWS 


ANSWERS TO QUERIES 
„ Hlustrated. 


1905. 


Frontispiece 


B.Sc., M.LE.E. 


ON THE ELECTRIC CONDUCTIVITY OF A VACUUM. Br J. A. FLEMING, M.A., 
|. D.Sc., F.R.S. wih m . 


By J. B. C. KERSHAW, 


By H. NISBET 


'THE ELECTRO-MAGNETIC THEORY. рше without the use of the енше Mathematics. 


By W. P. ADAMS, M.I.E.E. 


free for їз. gd. direct from the Office. 


A MAGAZINE ТО AID TECHNICAL PROGRESS, 


PAGE 
298 
299-310. 


311-315 


316-322 


322 


323-329 
330-335 
335-340 
341-344. 


344. 


345-352 


352 
353-357 
358-363. 

363. 
364-368 

368. 
369-372 

372 
373-379. 


379 
380. 
381-392 


. TECHNICS is Published Monthly by the Proprietors, GEORGE NEWNES, LIMITED, 3 to I2, Southampton 
Street, Strand, London, England. Subscription price to any part of the world, post free, for one year, is 12s. 
Cases for binding any volume of TECHNICS may be obtained to order from Booksellers for 1з. 6d. ; от post 
Vols. I and II are now ready, price 77. 64. each ; inland postage 62. 


^ American Agents in the United States, THE INTERNATIONAL NEWs Co., 83 & 85, Duane Street, 


vii 


New York. Entered as Second Class Matter at the New York Post Office. 


The Editor does not hold himself responsible for any MSS., Photographs, or Drawings submitted to 
him, but when stamps are enclosed he will endeavour to return. those contributions of which use cannot 
Typewritten MSS. are preferred. 


The following are some of 
the Articles included їп 


VOLS. 1. AND ll. ОЕ 


TECHNICS 


EAcH VOLUME, Price 7s. Во. Ner. 


SHADOWS. Ву the Right Hon. 
Lorp RAYLEIGH. 


EXPERIMENTS ON AN AIR- 
COOLED PETROL MOTOR. 


Lorp RAYLEIGH. 


By Prof. Н. L. CALLENDAR. 


Sır WiLLIAM WHITE. 


TECHNICAL EDUCATION AT HOME 
AND ABROAD. By Sir WILLIAM WHITE, 


THE CONTINUOUS CURRENT 
DYNAMO. By Н. M. HOBART. 


RADIUM. By Epwin Ерѕек. 
METALLOGRAPHY. By A. H. Hiorns. 


FIBROUS CONSTITUENTS OF 
PAPER. By CLAYTON BEADLE. 


ELECTRO-CIIEMICAL 
INDUSTRIES. By ]. B. C. KERSHAW. 


THEORY OF STRUCTURAL 
DESIGN. By E. FiANDER ETCHELLS. 


THE MODERN MOTOR CAR. 
By WILFRID J. LiNEHAM. 


THE RADIATION AND EMANATION 
OF RADIUM. By Prof. E. RUTHERFORD. 


THE INDICATOR FOR LECTURE 
DEMONSTRATION. 
By Prof. H. L. CALLENDAR. 


WOOL COMBING. 
By Prof. ALDRED F. BARKER. 


ELECTRIC WAYES. 
By Dr. J. A. FLEMING. 


THE MOTOR CAR OF THE FUTURE. 
By F. W. LANCHESTER. 
CHEMICAL AFFINITY. 
By Sir OLIVER LODGE. 


THE MECHANICS OF HEAVY 
ELECTRIC TRACTION. 
By H. F. PansHALL and Н. M. Hox 


THE PERIODIC ARRANGEMENT | THE ELECTRO-MAGNETIC 
THEORY. Explained without the use of 


By EDWIN Ерѕек. 


OF THE ELEMENTS. 
By Sir WILLIAM Ramsay. 


the Higher Mathematics. 


Sır WILLIAM Ramsay. 


SPECIAL DEVICES USED 
IN WEAVING. 
By Harry NISBET. 


Answers to Queries on Science, 
Mathematics, & Technical Subjects. 
Notes on th» latest developments in 
Science & Technology. 


EACH VOLUME 624 PAGES. 
FULLY ILLUSTRATED. 


May be obtained to order from any Book- 
seller, or from the Publishers, 


GEORGE NEWNES, LIMITED, 
3 to 12, Southampton St., Strand, W.C. 


Pror. E. RUTHERFORD, 


Apparatus for showing with DIRECT CURRENT 
Prof. Elihu Thomson's Experiments on the Electro- 
Magnetie Repul- sion between 
an  Alternating > Electro- Mag- 
net and a Con- » ducting Ring. 


Палта" 


ат Э, 2л СОг 
à 


are of English Manufacture. 


Drawing Pens, Bow Compasses, Dividers, 


E 
Hair Sets, Spring Bows, Beam Compasees, " 
Drawing Scales, in Boxwood and lvory, 
Set Squares, Tee Squares, Boards, 
Tracing Papers and Cloths, 
Lee's Patent Roller Attachment for Tee Squares, T 
Slide Rules, Calculating Circles, &c. 22 tz 
ILLUSTRATED CATALOGUE Will be sent by post on application. s 5 
W. Н. HARLING, Manufacturer, z = 
47, FINSBURY PAVEMENT, LONDON, Е.С. - ы 
Works: Hackney, N.E. Established 1851. x 2 
< = 


CHARLES D. PHILLIPS, sistis 


Pi ча т 


JOHN J. GRIFFIN 6ó SONS, Ltd., 


Makers of Scientific Instruments, 


20-26, Sardinia Street, Lincoln's Inn Fields, 
LONDON, W.C. 


Che Survey Gazetteer с... 17/6 ner. 
of tbe British Isles. Half. morocco, 21/- net. 


By J. G. BARTHOLOMEW, Е. К.а.8. 


Contains numerous Statistical доа and 64 Special 
Maps in Chromo-Lithography, based оп the census of тдот and 
the Ordnance Survey; it deals with nearly 50,000 different 
places, and is the only up-to-date and complete dictionary of 
places in the British Isles. 

GEORGE NEWNES, Limirep, 
3 to 12, SOUTHAMPTON STREET, STRAND, Lonpon, W.C. 


| POOLE e co. ^" 


"ы ЦИ. Charing Cross Road, London. 


ap 


э 


-— 


Tus oh AN 
` мА 1.4 Je ^ 
p » y" | 
$ 
"um 


terre, 
^ 
j) i V: 
pe - f ame 


Pa; 


, 

4 
v) we 
v 
por 4 Ly 


N «д 
= n 
РА? 
: mtv 
ке Yet eem 


oan cR Фф 


ат! 
NIHOYNSNISS KL AY 83 


^ Е 
as 4 


= 
f 

у= papery 
{ 

ЛА 
o 


nw * 
321. ‹ 


ES 


a 


au 
A 
EG 
eee 
Ar 
oS TPO PE 


ATH LNOV 2 


"n 
{ 
i 


xt 
AM 


aW Agy 
HINOW}S 


1 аа yu 
ITE 
COUP 
PCM 
Гат 
LI RT 


dies E CEA 9 
T уу DU; Сазы т Е 3 
: H 15 i \ 


(cm [ud 
“а 


NEWPORT, Mon. 


SCHOOL, CLASSICAL, 


z Booksellers ss 


АП inquiries as to Prices of Books in our VERY LARGE STOCK answered. 
Ф BOOKS BOUGHT. € 


BROKEN SUSPENSIONS 


Replaced in 2 MINUTES without worry. | | 
“Stump” *'* Column "' GALVANOMETERS are also 


ANTIVIBRATIONARY. 
LARK FISHER, ч RECORD" SENSIBILITY. 


Gordon Works, EALING, W. а iii 


Telegrams; “ GALVO; London. 
1 


L 
Further details of any of the following books, or information concerning technical works in апу language. 
will be supplied free to readers of TECHNICS by the Editor of the Bibliographical Department. Stamp. 
should be enclosed for reply. 


ABBREVIATIONS USED. 


FIG. = FIGURES. Fr. = FRANC. 
ILLUST. = ILLUSTRATIONS. KR.— KRONER. 
M. = MARK. P. = PESETA. 


L»Pzc. = LEIPZIG. 
N.Y. = NEW YORK. 
SD. = SEWED. 


P. = PARIS. 
L. = LONDON., 
B. = BERLIN. 


When not otherwise stated, the prices 


Architecture, and Sanitary Sciences. 


BREYMAN, С. A.—Allgemeine Baukonstruktions lelire m. 
besond. Beziehung auf das Hochbauwesen. With about 
1,000 Illust. (22. 541. Z. Gebhardt. т. әл.) 

DAVIS, P. J.—Standard Practical Plumbing. sth revised ed. 

Pp. 355. N. Y. Spon & Chamberlain. $3.50.) 

ESTIMATING for Builders’ Work. Quantity Surveyors’ 
Charges; Prime Cost and Profit: Payments: Form of 
Contract ; Quantity Surve ing; Use of Constants; Model 
Set of Preliminaries ; Set of Priced Quantities. With Illust. 
and Examples. Edited by P. N. Hasluck. 

(25.96. L. Cassell. 64.) 

FOWLER, C. E.— Ordinary Foundations, including the 
coffer-dam process for piers, with numerous practical ex- 
amples for actual work. ($f. 314. N. Y. Wiley. $3.50.) 

KINDER, L. H.—Formulas for Book-binders ; being a collec- 
tion of trade formulas, the results of twenty-five years' study 
and practice in the arts of tooling in gold, edge-gilding, 
marbling, stamping, and various other departments of book: 
binding. ЁЁ. 116. N. Y. Roycrafters. $25) 

MEASURING BUILDERS’ WORK.—Mathematical Signs, 
Weights and Measures, Measurin Carpenters’, Brick- 
layers’, Masons’, Slate-s’, Plasterers’, Plumbers’, Glaziers’, 
and Paperhangers' Work. Measuring Old Buildings. 
Scottish System. With lllust. Edited by P. Hasluck. 

. (pp. 96. L. Cassell. 64. net.) 

RICHEY, Н. G.—A Handbook for Superintendents of Con- 
struction, Architects, Builders, and Building Inspectors. 
(22. 747. N. Y. Wiley. $4.) 

TOWNE, H.—Locks and Builders’ Hardware: a handbook 

for architects. (АЁ. 1117. N. Y. Wiley. $3.) 


Chemistry and Physics. 


BRAUER, P.— Lehibuch der anorganischen Chemie. Zum 
Gebrauch an höheren Lehranstalten. With 142 Illust. 

(22. 283. L. Teubner. m. 3.) 
CUTHBERTSON,.—On the Refractive Indices of the Elements. 
(2. Dulau, sd. 15.) 

ENGSTLER, M.—Die Photographie in natürlichen Farben. 
UM. з). Lutz.  Mareis. m. 1.60. 
LEFFMANN, H., and C. H. LA WALL.—Textbook of 
Organic Chemistry. With Illust. and experiments, Шив. 
(Philadelphia, Blakiston. $1 met. 
MAHLER, G.—Physikalische Aufgabensammlung. Mit den 
Resultaten. (Pp. 118. L. Соѕсйеп. pf, Bo.) 
MELDRUM, A. N., Avogadro and Dalton. The Standing in 
Chemistry of their Hy putheses. With a Preface by F. R. 
Japp. АР. 114. L. Clay. 3s. net.) 
SCALES, Е. S.—Elementary Microscopy. A Handbook for 
Beginners. UM. 192. L. Банке. 3s. net.) 
SIMON, E. E.—A Text-Book of Physiological Chemistry. 
2nd ed. (Z. Churchill. 14s. net.) 
WANKLYN, J. A., and W. J. COOPER.—Sewage Analy- 
sis. A Practical Treatise on the Examination of Sewage 
and Effluents from Sewage. 2nd еа. Including a Chapter 
on Utilisation and Purification, and a Preliminary Chapter. 


(АА. 194. L. Trutncr. 75. 6d.) 
WOODHULL, J. T.— Simple Experiments in Chemistry. New 
edition. (АА. 124. N.Y. Kellogg. So'6s.. 


YOUNG, W. H.—On the General Theory of Integration. 
LL. Ондан. sd, 1з.) 


Civil and Mechanical Engineering. 
BOOTH, W. H.— Steam Pipes : Their Design and Construc- 
ton. A Treatise on the Principles of Steam Conveyance 
and Means and Mater‘als en-ployed in Practice to secure 
Economy, Efficiency, and Safety. 


Sp. 200. L. Constable. 5s. net.) 


ee 


и 


given are for bound copies. 


BOYEUX, P.—Traité théorique et pratique des Turbines. 
hydrauliques, Turbines à réaction et Turbines à impulsion. 
With 108 figs. (Paris. frs. 12.) 

BRITISH STANDARD Specification and Sections of Flat 
Bottomed Railway Rails. Report issued by the Engineer- 
ing Standards Committee, No. тт. 

2. C. Lockwood. тоз. 6d, net.) 

BRITISH STANDARD Specification for Structural Steel for 
Marine Boilers. Report issued by the Engineering Stan 
dards Committee, No. 14. (Z. C. Lockwood. 25. 6d. net. 


BURFORD, A. W.—How to build a lathe. 
(45.69. L. Dawéarm & W. 64.) 
CAYE, G., et А. SAILLARD.—Traité pratique de mécanique 
et d'électricité industrielles. Vol. II. With 281 figs. 
(Paris. Jrs. 12.) 
COMMERCIAL Motor, The. Vol. I., No. r. 
(pp. 24. L. Temple Press. 
COSYN, L.—Traité 
With 187 figs. 


Weekly 1d.) 
pratique des constructions métalliques. 
(Paris. frs. 25.) 


FOSTER, T. C.—The Mechanical Engineering of Collieries. 
Vol. 1. (Pp. 128. Chichester Press. 25. 6d.) 

GAS ENGINEERS, Transactions of Institution of, 1904. 
( Spon. 10s. 64. net.) 


JAMIESON, A.—A Text-Book of Applied Mechanics and 
Mechanical Engineering. Vol. П. 4thed., revised and en- 
larged. (Pp. 810. L. С. Стун. 12s. 6d., 

JORINI, A. F.—Teoria e pratica della construzione dei ponti 
in legno, in ferro, in muratura; pile metalliche e in mura- 
tura ; fondazioni. (22. 597. Milan. Hoepli. 4. 12.) 

KENT, W.—A Reference Book of Rules, Tables, Data, and 
Formulz for the use of Engineers, Mechanics and Students. 


7th ed. (55. 1,161. N.Y. Wiley, $5.) 
LEHRHEFTE, Technische. Maschinenbau. With Atlas and 
6 Plates. (pp. 132. B. Polytechn. Buchh. т. 6.) 


MARINE ENGINES and Boilers. Their Design and Con- 
struction. A Handbook for the Use of Students, Eugineers 
and Naval Constructors. Based on Dr. Bauer's work and 
translated from the 2nd German ed. by E. M. and S. Bryan 
Donkin. Edited by L. S. Robertson. Illust. 

(22. 772. L. C. Lockwood, ass. met.) 

MATHOT, К. E.—Manuel pratique des moteurs à gaz et 
gazogénes. With 154 figs. (Paris. frs. 12.50. 

MAUER, E. R.—Technical Mechanics; a text-book fo. 
technical colleges. 2nd revised and enlarged ed. 

(22. 426. N.Y. Wiley. &4^ 

MEAD, E.—Irrigation in Northern Italy. With 18 Plates and 
Engravings. Pp. тоо. L. Wesley. 45. ne?. 


MÉTOUR, E.— Traité élémentaire de la stabilité des Const-uc- 


tions. With доо figs. and 15 Plates. (Paris. frs. +0. 
PARR, A.—Machine Tools and Workshop Practice. 
(2. Longmans. тоз. ба. 


SHIPOWNERS, Shipbuilders, and Marine Engineers, Direc- 
tory of. 1905. 
Ab. 470. L. Directory Pub. Со. Yos. net.) 
STODOLA, DR. A.—Steam Turbines. With an Aprendix on 
Gas Turbines and the Future of Heat Engines, Autho ised 
Translation from the 2nd enlarged and revised Germa: 
ed. by Dr. L. C. Loewenstein. With 241 Cuts ond 3 
Lithograph Tables. (44. 450. L. Constable. 215. ret 


TETZNER, F.—Die Dampkessel. Ein Lehrund Handbuch f. 
Studierende techn. Hochschulen. 2 verb. Aufl. With 154 
figs. and 38 plates. (pp. 260. B. Springer. ән. g` 

TOD, J.—Arithmetical Guide for Marine Engine:rs. Contair- 
ing all the latest questions as given at the Board of Trad. 
Examinations for the rst and 2nd Class Engineers’ Certif. 
cates for Competency. With simple solutions fully explained 
and illustrated. 2nd ed. (7. Brown. бх. net. 


Continncd om фасе iv. 


MAGAZINE 


for JUNE. ? 


£100 


PAR 

| (= 

а 

| [ы 
E 12 
2 s 
wi ; vee 
У МЕ 
I RY 
s D. 
mae [= 
i ej ae 
E For full Particulars of a remarkable Competition see N 
БУ ИО” 
Me the JUNE No. of ras 
ч ў e 
i s 


| THE STRAND MAGAZINE ; 


jx Ready on June Ist. E 


See en esas CCo ергш” 
Аты «r4 A E LEA m v A SUC а к > 


Y 
ОГУ СОУСУ ГАК И 


ii 


Technics Monthly Bibliography 


VIRENDEEL, Ponts métalliques droits à une travée. 
(P. Dunod. frs. 12.50.) 
WALTHER, K. апа M.— Rottinger. Technische Wärmelehre 
(Thermoydynamik'. With 54 figs. (Z. Göschen. Af. 8o.) 
WOLPERT, А. — Theorie u. Praxis der Ventilation und 
Heizung. 4 vols. (B. Lowenthal. т. 13.) 


Electricity. 


APPLEYARD, R.—The Conductometer and Electrical Con- 
ductivity. (pp. до. L. Alabaster. 1s. 61 
BOUSFIELD, W. K., and T. M. LOWRY.—The Electrical 
Conductivitv and other Properties of Sodium H vdroxide in 
Aqueous Solution, as Elucidating the Mechanism of Con- 
duction. (L. Dulau. sd. 15.) 
CUSHING, Н, C.—Standard Wiring for electric light and 
power as adopted by the fire underwriters of the United 
States ; containing the national electric code explained and 
illustrated by Н. C. Cushing. With diagrams. 
(22. 144. М. Y. Cushing. $12 
ELECTRICIAN and Electrical Trades Directory for 1905, The. 
(PÊ. 1,749. L. “Electrician” Office. 155.) 
ELECTRICITY SUPPLY UNDERTAKINGS, 19o3- 1504.— 
Analysis of Accounts, with Miscellaneous Statistics, relating 
to the Area of Supply, Capacity, Output, &c. L.C.C. Pub- 
lication.) (2. P.S. King. ad.) 
GILON, G.—Cours de Constructions électro-techniques pro- 
fessé à PInstitut Electro-mécanique de l'Université de 
Louvain. With Album of Plates. 
‚ (Louvain. 
HERRMANN, J.—Elektrotechnik. Einführung in die mod. 
Gleich—. und Wechselstrom-technik. Part I. Die 
physikal. Gründlagen. With 47 figs. 
(Af. 127. L. Géschen. pf. 8o) 
HIGH TENSION Magneto Ignition Systems. Reprinted from 
the Automotor Journal. (fp. 32. L. F. King. rs. net.) 
ILES, G.—Flame, Electricity and the Camera. Man’s pro- 
gress from the first kindling of fireto the wireless telegraphy 
and the photography of colour. With plates, ete. 
(pp. 398. N.Y. F 4. Hill & Со. (Subscription work.) 
NOUGIER, A.—Précis de la Théorie dn magnétisme et de 
l'électricité. Р. Béranger, JYS. 12.50.) 
PERKIN, F. M.— Practical Methods cf Electro-Chemistry. 
Longmans. 6s.) 
PREMOLI. P.—Nuovo dizionario illustrato di ellettricità e 
magnetismo. Vol. Il. (А2. 755. Mian, Hovplt, l то.) 
SANTONI, D.—The Teletopometer. A Short Description of 
Prof. Cerebotani’s Geodetical Instruments, Writing and 
Drawing by Telegraphy, ard a short description of Prof. 
Cerebotani’s Interesting Inventions in ‘lelegraphy and 
Telephony. (Wickes and Andrews. 
VANNI, G.— Unita e misure elletriche applicate alla telegrafià, 
lezioni fatte alla Scuola postelegraha nel bimestre. 
Novembre-Dicembre, 1904. Rome. L 4.50.) 
ZIMMERN, A.—What do we Know Concerning Flectricity ? 
(Ap. 148. L. Methuen. 15. net.) 


Manufactures and Industrial Technology. 
BAKER, J. L.—The Brewing Industry. Books on business. 
( PP. 190. L. Methuen, 25. 6d. net.) 
BLANCARNOUX, P.— Manuel des arts industriels. (Prépara- 
tion, spécialisation, expatriation.) Paris. frs. 6.50.) 

BRONN, J.—Verflüssigten Ammoniak als Lösungsmittel. 

(Pp. 264. B. Springer. эн. 6.) 
COAL MINES, Explosives in. Order of the rth February, 
1905. (B. of T. Publication.) (L. Wyman. id.) 
COLLIERY BOOK-KEEPING.—By Monkhouse, Goddard 
& Co. (pp. 80. L. Stmphine бз. net.) 
COLLIN, E., and E. PERROT.—I es Residus industriels de 
la fabrication des huiles et essences utilisées par l'agriculteur 
, comme aliments et comme engrais. (Parts, r$. 15. 


Uysthbruyst. rs. 25.) 


ELECTRO-PLATING. With numerous Engravings and 
Diagrams. Edited by P. N. Hasluck. 
(pp. 160. L. Cassell. 1s. net.) 


FISCHER, G.—Entwickelung und Aufgaben des landwirt- 
schaftl Maschinenwesens in Deutschland. 

(Ap. 16. B. Parey, m. 1л 

HADDAN, R.—The Inventor's Adviser and Manufacturer's 

Handbook to Patents, Designs, and Trade Marks, 1905. 

6th ed. (471. L. Harrison, sy.) 

JUTZI, W.—Die deutsche Montanindustrie auf dem Wege 


zum Trust. (Pb. 49. Jena. Fischer. т.т. 
LAMBERT, F. C.—China Decoration and Repair. 
(Ар. 25. Г. JDatebarn &? И. 6d, net.) 


LUNGE, G.—The Manufacture of Sulphuric Acid and Alkali: 
a theoretical and practical treatise. 3 vols. of 25. 1,200, 
929, and 840. With Diagrams and Plates. 

а hus т 


UNV. Tan Nostrand, each Sis.) 
MAZZOCCHI, L.—Cale e cementi. 5% ediz. aumentata e 
Corretta. Pp. 237. ап. Hoepli. d. 2.50.) 


ODER, М, — Betriebskosten der Verschiebebahnhófe. 
(pp. 63. B. Springer. т. 2." 
MINE AIR, The Investigation of. n Aunt b. Several 
Authors, of the Nature, Significance. and Practical Methods 
of Measurement of the Impurities met with in the Air cf 
Collieries and Metalliferous Mines, Edited by Sir Clement 
Le Neve Foster and J. S. Haldane. With Illust. 
: (Pp. 204. Г. Griffin. бу. net) 
REDGRAVE, С. R., and С. SPACKMAN.—Calcareous 
Cements: their Nature, Manufacture, and Uses. 2nd 
revised ed. (АЉ. 328. L. Grefin.) 
TOZER, S.—Handbook of Foreign Consular and Customs 
Regulations for the Shipment of Merchandise. | 
(2. -gnew. тс. met) 
TOPOGRAPHY.—The American Manual of Typography ; an 
exhaustive exposition of the various phases of type com- 
position; a handbook for the ambitious typographer: a 
guide and reference volume for the lay-out man, foreman 
surerintendent, and employing printer. With (partly. 
coloured facsimiles. (^5 111. N.Y. Oswald Pub. Co. $3.! 
WARREN, С. W.—A manual of Mechanical Dentistry and 
Metallurgy. and ed., revised and in parts rewritten. 
Ap. 270. Phil. Blakiston, | $2. 
WESTALL, G.—Rateable Machinery. With Abstracts and 
Reports of the Leading Appeal Caces from'1783-1904, and 
Notes on Valuation. (25.173. L. Р. Allen. 


55. mez.) 
ZEROLO, M.— Manuel pratique d'automobilisme. With по 
figs. (Paris. JYS. S.) 


Mathematics. 


BAIRE, R.—Lecors sur les fonctions d'scontinues, professées 
au College de France, (Parts, frs. 3.50.) 
BASS, E. W.—Elements of differential Calculus. 3rd revised: 
ed. 22. 364. N.Y. Wiley. $42 
BURNSIDE, W. S., and A. PATON.—The Theory of 
Equations. With an Introduction to the Theory of Binary 
Algebraic Forms. Vol. I. New ed. 
(2. Longmans. тоз. 6d) 
DAWSON, M. M.—Various derived tables, one life, American 
Experience tables of Mortality. 2nd ed. with logarithmic 
tables and select and ultimate values. 
(Pp. 383. NAV. Chrontele Со, $25.) 
FULLER, J.—A new and original treatise on the geometrical 
development of round and oval cones; with easy examoles. 
of their application ; for the use of beginners and practical 
sheet iron and tin-plate workers. 
(pp. 53. N.Y. D. Williams, $i) 
JOLY, C. J.—A Manual of Quaternions. 
(PP. 348. L. Macmillan. тоз. net.) 
LOVEY, S. L.—The Elements of Trigonometry, with answers. 
22. 151. N. У. Macmillan, | So.go net.) 


Metallurgy, including Mining and Geology. 
CHAMBERLAIN, T. C., and R. SALISBURY.—Geology 
Processes and their Results, 
(22. 674. L. Murray. 215. nef 
FRAZIER, S. M.—Secrets of the Rocks: or, the Story of the 
Hills and the Gulches : a manual of hints and helps for the 
prospector and miner. 
pp. 432. Denver, Col. Hall & Williams. $т.со.\ 
HAWORTH, Sir H. H.—Ice or Water: ‘Another Appeal ta 
Induction from the Scholastic Methods of Modern Geolegy. 
Vols. I. and If. (2. Longmans. 325. net.) 
IHLSENG, M. C., and WILSON.—A Manual of Mining, 
based on a course of lectures on mining delivered at the 
School of Mines of the State of Colorado. 4th ed., revised 
and enlarged. (22. 739. М.Ү. Wiley. $5.) 
KRAUSS, А. — Eisenhüttenkunde. т, Th. Das Roheisen. 
With 17 Figs. and 4 Plates, 2. Th. Das Schmiedeissen. 
With 25 Figs. and 5 Plates. (L. Godschen, pf. Bo. 
JOHNSON, J. C. F.—Getting Gold. A Practical Treatise. 


for Prospectors, Miners, and Students. зга revised ed. 


i pp. 2309. Ё. Griffin. 35. 6a.) 
LODIN, A.—Meétallurgie du Zinc. (P. Dunod. frs. 35.) 
Miscellaneous. 


ALEXANDER, T., and A. W. THOMPSON. — Graphic. 
Statics : a graduated series of Problems and Practical Ех. 
amples, with numerous diagrams all drawn to scale. 


(22. 50. N. V. Macmillan. $0.50 net.) 
DRAUGHTSMANSHIP (Carpenter and Builder Technical 
Series’. LZ. Dicks. 67.) 


HATFIELD, Н. R.—American Commerce and Finance. Lec. 
tures by Representative Business Men. 


(L. Zisher Unwin. 6s. met. 


ROBSON, E. S. A.—Report of a Visit to American Educa- 


1V 


tional Institutions, 
АА. 116. Manchester. Sherratt & М. xs. net 
TECHNICAL EDUCATION for Women and Girls at Home 
and Abroad. 
L. 


(pp. 64. Women's Industrial Council, — yd.) 


Rewnes’ Art Cibrary. 


Each volume contains about sixty-four full pages in mono- 
chrome, and a Frontispiece їп photogravure. hese are in 
many cases made from works which have not previously been 
reproduced. Each volume also contains a list of the principal 
works of the artist. 35. 6/7. net. 


BOTTICELLI. By RICHARD Davey. 
SIR JOSHUA REYNOLDS. By A. L. BALDRY. 
CONSTABLE'S SKETCHES. Ву Sir James D. 


Linton, R.I. 
VELASQUEZ. By A. L. BALDRY. 
GOZZOLI. By HucH STOKES. 
RAPHAEL. By EDGCUMBE STALEY. 
VAN DYCK. By Носн STOKES. 
G. F. WATTS. By Dr. R. PANTINI. 
TINTORETTO. By Mrs. ARTHUR BELL. 
PAOLO VERONESE. By Mrs. ARTHUR BELL. 
BURNE-JONES. By Marcom BELL. 
TITIAN (EARLY WORK OF). ByMarcorM BELL. 
FILIPPINO LIPPI. By P. J. Konopy. 


SHORTLY. 
PUVIS DE CHAVANNES. By ARsENE 
DANTE GABRIEL ROSSETTI. By Екхезт 


FRA ANGELICO. By Epccumse STALEY. 


** Messrs. Newnes’ now celebrated series devoted to the Great 
Masters . . . excellently reproduced, and apparently consider- 
able trouble has been taken to secure reproductions of some of 
the less known and least accessible of the painter's chief works." 
—Studio. 
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TECHNICAL EDUCATION AT HOME 
AND ABROAD. By Sir WiLLIAM WHITE. 


THE CONTINUOUS CURRENT 
DYNAMO. By H. M. Hosarr. 


RADIUM. 
METALLOGRAPHY. By А. H. Hiorns. 


By Epwin Ерѕей. 


FIBROUS CONSTITUENTS OF 
PAPER. By Crayton BEADLE. 


ELEOCTRO-CHEMICAL 
INDUSTRIES. By J. B. C. KERSHAW. 


THEORY OF STRUCTURAL 
DESIGN. By E. FIANDER ETCHELLS. 


THE MODERN MOTOR CAR. 
By WILFRID J. LINEHAN. 


THE PERIODIC ARRANGEMENT 
OF THE ELEMENTS. 


By Sir WILLIAM Ramsay. 
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THE RADIATION AND EMANATION 
OF RADIUM. By Prof. E. RUTHERFORD. 


THE INDICATOR FOR LECTURE 
DEMONSTRATION. 
By Prof. H. L. CALLENDAR. 


WOOL COMBING. 
By Prof. ALDRED F. BARKER. 


ELECTRIC WAYES. 
By Dr. J. A. FLEMING. 


THE MOTOR CAR OF THE FUTURE. 
By F. W. LANCHESTER. 
CHEMICAL AFFINITY. 
By Sir OrivgR Lopce. 
THE MECHANICS OF HEAYY 
ELECTRIC TRACTION. 
Ву Н. F. PAnsHALL and Н. M. Новлкт. 


THE BLEOCTRO-MAGNETIC 
THEORY. Explained without the use of 
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Pror. E. RUTHERFORD. 
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Architecture, and Sanitary Sciences. 


BROWN, J. W.—Italian Architecture. Brief Account of its 
Principles and Progress. (22. әб. L. Siegie. 15. 6d. net.) 
PUTZEYS, F. апа E.— les Installations sanitaires des 


habitations privées et collectives. With 126 Ilust. 
J^ s. 8.) 


V. Béranger. 
Popular Guide 


STURGIS, R.—How to Judge Architecture. 


to Appreciation of Buildings. 
(АЁ. 222. L. Batsford, 75. 6d. net.) 


Chemistry and Physics. 


BRAUN, G. A.—Dictionnaire de Chimie Photographique. 

With figs. and diagrams. (Pp. 546. Paris. 

DOBBIN, L. MARSHALL.—Salts and their Reactions. A 

Class-hook of Practical Chemistry. With a Preface by 

Prof. Crum Brown. (pp. 143. Edinburgh.) 
LACHMAN, A.—Spirit of Organic Chemistry. New ed. 

(Z. Macmillan. 6s. 6d. net.) 

LUNGE, G.— l'echno-Chemical Analysis. Authorised trans- 

lation by А. I. Cohn. With figs. and diagrams. 
(fp. 136. N.Y. $i 
Chemistry. Part r. 


OSTWALD, W.—Conversations on 


General Chemistry. Authorised translation by E. C. 

Ramsay. With figs. and diagrams, (fA. 250. N.Y. $1. 50.) 
PHOTOGRAPHY, Barnet Book of. Revised and rewritten, in- 

cluding new matter and new illust. 20th Century са. 


Pp. 312, Eliott, is, 6d. neto 


PROGRESS OF CHEMISTRY, Annual Report on, for 1504. 
Vol. Il. Edited by G. T. Morg: n. 
UL. Gurney and ў. 4s. 6d, net.’ 


RAYLEIGH, LORD, On the Compressibility cf Gases between 


One Atmosphere and Half an Atmosphere of Pressure. 


(ph. 22. L. Dulau., ха. 15.) 

SAMUELSON, A.—Resistance of Air and the Question of 
Flying. (АА. 36. N.Y. Spon & Со. $0.80.) 
SNELL, F, C.—Camera in the Fields. A Practical Guide to 
Nature Photography. (Pp. 256. L., Unwin., 55. 


Civil and Mechanical Engineering. 
ATHERTON, W. H.—Introduction to Design of Beams, 


Girders, Co'umns in Machines and Structures. Examples 
in Graphic Statics. Ilust. (Af. 250. L. Grifinu. 6s. net.) 
BARKOW, R.—Studien zur Frage der Gasturbine. With 17 
figs. pp. 37. Rostock, Volckntann, m. 1.25.) 
CARLIER, J. G. - Méthodes et appareils de mesure du temps, 
des vitesses, des distances et des Dd Tome 1. 
With 226 figs. Jrs. б.) 
DIETRICH, Dr. M.—Die Dampfturbine von e m. 
besond. Berücksicht ihrer Verwendung als Schiffsmaschinen. 
With rg illustrations and plates. 


Rostock, Volokmann, т. 150.) 
EGGAR, W. D.—Mechanics. School Cours:. 
(Pp. 26. Г. Arnold. as. 6d.) 


EMPERGER, DR. F.—1»ie Rolle der НАЙ stigkeit im Ver- 


bundbalken. Must. (Forscherarbeiten auf dem Gobiete 


des Eisenbetoits. . А. Ernst. т. 4.) 
FRYE, А. 1.—Каймау Right-of-Way Surveying. With 
tables, (ff. 45. N.Y. $i 
HANNSSENS, A. — Turbines à Vapeur, Description et 
Théorie. With 37 Hust. (P. Béranger. Jrs. 3.) 


HECK, R. C. H.—5tcam-Engine and Other Steam Motors. 
A text-book for engineering colleges and a treatise. for 
engineers, The Thermodynamics and the Mechanics of the 
Engine. With numerous figs., diagrams, etc. 

(А2. 391. N.Y. 93.50.) 

HULBERT, A. В,—Тһе Future of Read-Making in America. 
A Symposium, Шы. 0 (Cleveland, О. $2.50.) 
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KINEALY, J. H.—Centrifugal Fans. 
Practical Treatise. ( Spon. 21$. net.) 
KREBS, A.—Turbines à vapeur modernes, Analyse du pro- 
blème, ses difficultés, sa solution, classification des turbines 

à vapeur modernes. With 21 figs. 
2. Béranger. frs. 2.50.) 


LELMERT, W. M.—Moderne Kältetechnik. 


(Дерсге. Weber. 
LUCKE, C. Е. — Gas Engine design. With diagrams. 
(pp. 262. М.Ү. 


Van Nostrand. §3 net.) 


MASONI, U.—I.'Energie Hydraulique et les Récepteurs Hy- 
drauliques. With 207 figs. 
(РА. 324. P. Gauthier-Villars. frs. то.) 


MEAD, D. W.—Notes on Hydrology and the Application of 


A Theoretical and 


т. 4.) 


its Laws to the Problems of Hydraulic Engineering. With 
tables, full-page plates, and maps. 
(pp. 202. Madison, Wis. $25 


RAILWAY and CANAL COMMISSION. —16th Report. 
(Z. Wyman. asd.) 
RATEAU, 


À.--Experimental Researches on Flow of Steam 
through Nozzles and Ortices. Note on Flow of Hot Water. 


Authorised Translation by T. B. Brydon. 


(pp. 82. L. Constable. 425. net.) 
RICHARD, J.—Notions de Mécanique. 
(22. 224. Р. Nudeval, frs. 4. 
RIEDLER, A.—Gross-Gasmaschinen. With 130 Hlust. 
(22. 201. Munich. n. то. 
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